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which I met with, im providing: my 
Text- book in Natural Philoſophy, 


or too abſtruſe, for the purpose 
this work. 
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'To that chats of readers who are ſatisfied. with 


work will be of little ſervice. Sketches of philoſoph 
ehenſive to anſwer / | 


OTHING can be an g 0 257 for e 


PREFACE. _ : 


-ant{ inaccurate. What Cicero ſays of Philoſophy in general, is is par- 
ticularly. true of Natural Philoſophy: Diffcile eff enim in pbilgſophia 
pauca efſe ei nota, rui non fint aut pleraque, aut omnia. It may be 
laid down as an univerſal maxim, Ms ks eee eee 
attaining excellence. 'The ſmall portion of learning, or ſcience, which 
is to be acquired by the help of facilitating expedients, has been juſtly 
; compared + to a temporary edifice built for a day. It is as unrea- 
©  ſonable, to hope to acquire knowledge without undergoing the labour 
by which it is uſually gained, as it would be to expect, that an acorn 
will Re an "RO „„ 1 0 . pry of 
"All . wick Ps PM 
tbe. curſory reading, without the aſſiſtance of mathematical learning, 
muſt conſiſt in an acquaintance with leading facts and general con- 
clufions. To underſtand the manner in which the laws of nature 
„eee e En n een r . and to be able with certainty and 
to apply theſe laws to the explanation of particular phe- 
, neceflarily requires a previous knowledge of the elements of 
Trigonometry, the Conic Sections, and Algebra- A 
r a machine without the requi- 
+ fite tools, would not act more abſurdly, than a ſtudent who ſhould 
Atternpt to underſtand the ſcience of Natural Philoſophy without theſe 
Helps. A Preceptor who profeſſes to teach this ſcience in the eaſy and 
amuſing method e Wok, e e 
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an (iti , ak of e e 


is unqueſtionably, due to thoſe! who have increaſed"the public fore, 
by new experiments accurately made, and faithfully related. But it 


4s not in che mere NW: nor even in the diſcovery of facts. 
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PREFACE 
— One „ fir, wn. 


moderate ſhare of induſtry may ſuffice for the former: patient attentiom, 


deep reflection, and acute penetration, are neceſſary: in the latter. It is 
FF nnn TO | 


The hardy e and tlie ö which are 3 ö 


ſary to form this character, are ſo contrary. to that effeminacy and frivo- 
lity which diſtinguiſh the preſent age, that, if it were not for the pro- 
viſion which is made in our Univerſities; and other Seminaries, for the 
propagation of ſound learning of every kind, there would be ſome reaſon 


to apprehend, that all the more abſtruſe and difficult branches of ſeience 
would be excluded from the modern ſyſtem of education, and 10 af 2 


= n would fall into diſeſtcern and neglect. 


I ig hy 50 e e NG d M os ends ah 
indolent ſpirit of the times, by opening a+bye-path to the Temple of 


Philoſophy. The known and beaten road is the ſafeſt and the beſt. It 
2 with the view of aſſiſting the ſtudent in his progreſs, that 1 
e attempted to arrange the leading truths of Natural Philoſophy in a 


perſpicuous method, and to demonſtrate them with conciſeneſs ; adding 


a brief deſcription of Experiments, adapted to-illuſtrate and confirm t 4 


Propoſitions to which they. are nn, SEO 


\ Being more * to be olſen to appear original, 1 I have Ek „ 
8 ſelected from a variety of Authors ſuch materials as ſuited my deſigg. 
Thoſe. who are converſant with this claſs af writers will perceive that, 
amongſt many others, I have made uſe of the works of NRW Tox, Reil, 
Whifton, Graveſande, Cotes, Smith, Helſham, Reining: and as Ruther- SITY 
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mentaliſt ; but he alone, who, by examining. the nature, and obſerving. 
the relation of facts, arrives at general truths, is a, philoſopher.” | A 
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my attention, I muſt rely on that candour, which thoſe who are beſt 
acquainted with the extent and difficulty. of this undertaking wren e 
moſt inclined to exerciſe. JJCCCCCCC ĩ¼· Te Tp cron 
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N laying before the public a 4 new ek of * 0 1. Tail, of 020 er | 
Philoſophy, by 22 % Pr. Enfield,” the Editor feels it incumbent 
on him to aſſure the Reader, that he has endeavoured, as far as ny 
nit with zn clemientary book,” to avail himſelf of hae anther 
_ which" the publication of new ' diſcoveries,” and” new: works: in eee 
has afforded him; and although the limits of am adve w 
allow him to particu rize all the additions that will be 
woven with the various parts of the volume, yet it may be ae that, 
in this: place, ſome notice ſhould be taken of the moſt material of them; 
and it is preſumed that the following eee ell VE eee 5 
Ny ee bog E VII ade a al 15a l I: 
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the attraction of coheſion, are more fully»diſcufſedzs :andia'very- uſeful 
.. corollary i is drawn from that on the attraction of capillary tubes. To the 
- firſt and third propoſitions. of the ſecond book, oonſiderahle addition are 
dere, and in the ſecond cha aptcr is inſerted a new propoſition, from 
which, in conjuridtion with *othiers, © are "duce? bi ny her tht 
 ſcholiums, connected with the N parts o "the ook®, vera 
5 r 22 Adee d 472 e 28 LE NE BITS Ln 3H 8 1 
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1 ADVERTISEMENT. 


examples arg allo given in the twö firſt ſections of the fifth chapter, 
which will be found * the * young Aer, chore 
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In the third book is given, 8 the additions noticed in 


the margin®, an important propoſition on the ſpecific:gravities of bodies, 
with which are connected examples, and a table of the comparative weights 


of many of the moſt uſeful ſubſtances in nature... Deſcriptions, accom- . 
pauanied with figures, are likewile given of the Pyrometer, Air- pump. 


Barometer, with its application to the meaſuring of altitudes, &c. 


Hygrometers, the Steam-engine. N 
The priocipelindidns $6 the book of Optica, 1 


— o Sa Ws 
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Blair achromatic Lenſes, and Dr. Herſche's ee. 


* * 


V onde ſubjet of Aftronomy, ee e eee 
feveral uſeful Tables, and the important diſcoveries of the illuſtrious 


* Dr. Herſchel, which have been carefully ſelected from the laſt twenty 
=. volumes of the Philoſophical Tranſactions. The reference in the 


b , 5 Pos —.— 6 12, 13, 18, A, b en „ 


_— - Mee ue B, (166), ue, 


%% 122, $6, 494, pul 145. 4 | : RE 
„„An Prop. s, . 35, 30, 85 e ee n 17, 
=. | Waun 136, 167, 168, 277; 179, e wii "ou ls Alt « 


Fahrenheit's Thermometer, with a Table of Heat; ee ee 


= 55 + the propoſitions mentioned below; in the courſe of which are 
= introduced, Mr. Ddaval's Theory of Colours; brief accounts of D. 


_— unt. will dire the e eee eee the molt 
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. ADVERTISEMENT. On, 
See valuable treatiſes en Magpetiſt and Wletricity, particularly 


this valume, it was thought — ueryicoblileaby to enlarge this 
part of the work; and it is hoped that the principal diſcoveries in 
theſe branches of ſcience will nom be found under their veſpective heads. 
By the ſuggeſtion of 2 friend. on whaſe judgment the public has long 
placed great confidence, it has been deemed proper that the fiiſt prin= 
ciples of Chemiſtry ſhould form a part of the preſent volume; and 


although we have chiefly confined ourſelves to the intereſting diſcoverics 
of the philoſophers Black, Prieſtley, and Lavoiſier, on Heat and the 
Factitious Airs, it is nevertheleſs preſumed, that enough has been ſaid 


vn theſe ſubjects to render the doctrines and introductory practice to 


modern chemiſtry perfectly intelligible to a perſon Who may be 
deſirous of farther ee the N of this n and uſeful Z 


ſcience. 


3 


The Reader wes ts apprized, a beſides additions to Oy 
. Plates, two new ones are now. giyen:—one, as already noticed, accom. 


pany ing deſcriptions'of ſeveral' pneumatic*and hydraulic machines, and 
7 N. 5 8 to ſubjects in magnetifin 
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N hoped Nut de th aug es to ha als I 
compoſe: about -one-third of the whole work. will be found ſuch as 
ought at this period, to be comprehended in an elementary book of 
ſcience; and that the ſpeculations of Dr. Herſchel, towards the end f 
the aſtronomical part, will not be confidered as an exception: they are 


at leaſt the ſpeculations of a great mind, and capable of exciting; in 7 


every well-diſpoſed heart, emotions of intereſt and exquifite Pleaſure, 
inaſmuch as 75 er 5 8 ſublime ens of * 3 
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. (The Editor will only add, that in the additions to this work, Suits 
uniformly aimed at -conciſeneſs'; and he will conſider his exertions well 
rewarded, if it be found, by a candid and diſcerning” public, that he 
has not ſacrificed” perſpicuity to brevity, and that he has not omitted, 
within his preſeribed limits, any material article that might ſerve to 

| | render the original work, in its preſent enlarged ſtate, generally accept- 
: able and uſeful. ; 1 FC £3 4177; >; 11 2 ik ti ale. 73 ac 530 „% 
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| ScuoLruM. Extenſion and ont are diſcovered to be properties a i matter by the 
ſenſes. Both by the ſight and touch we perceive material ſubſtances to have length, breadth 
and thickneſs, that is, to be extended: and from the reſiſtance which they make to the 
touch, we acquire the idea, and infer the property, of ſolidity. It is unneceſſary here to 
inquire whether ſolidity neceſſarily ſuppoſes impenetrability, Natural Philoſophy, eng! 
employed in inveſtigating the laws of nature by experiment and obſervation, and in explain-" - 
ing the phenomena of nature by theſe laws, has no concern with metaphyſical ſpeculations, 
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OF MATTER. 0 ox 1. 


8. Let CO, MD, be two parallel right lines, to.which let An be drawn perpendicular. 
In the line MD, on one fide of the perpendicular AB, take, at equal diſtances, the points 
E, F, G, H. On the other fide of AB, in the line CO, take any point C, and join 
CE, CF, &c. Each of the lines CE, CF, &c. will cut off a portion from AB: but 
whatever number of lines be drawn in the ſame manner from C to MD produced, there 
will ftill remain a portion of AB not cut off, becauſe no line can be drawn from the point 
C to the line MD, which ſhall coincide with CO: the line AB is therefore infinitely 
diviſible. | 

3. Let the right lines AC and GH be drawn „ line BF. In 
AC, produced at pleaſure, take any points C, C, &c. from which as centers, with the 
diſtances CA, CA, &c. deſcribe arcs of circles KAL, NAO, &c. touching BF in the 
point A, and cutting HG. The farther the central point is taken from A, the greater 
will be the circles, and the nearer will the arcs approach to the line BF; but (El. 111. 
Pr. 16. Cor.) the arcs, touching BF in A, cannot touch it * * 


5 1 is Ie Oy diviſible. | 


F rom a this 888 che . theorems are derived by Dr. Keil 
in his fifth lecture. 1 5 3 1 


Tazoze I. 1 8 quantity of matter, however | fall, [and any Aid i Gals 
large, being given, (as for example, a cube circumſcribed about the orb of Saturn) it is 
poffible for the ſmall quantity of matter to be diffuſed throughout the whole ſpace, and to 
ful it, e ye pron or interſtice in FF a Ht me 

Con. Fe ee e whoſe mee, if it 50 in into 2 face 

abolutely full ; that ſpace may be any given part of its former magnitude. _ 

__ TrEOREM 11. There may be two bodies of equal bulk, whoſe quantities of matter 
being unequal, in any proportion; yet the ſum of their pores, or quantity of void ſpace in 
. cath of the two bodies, ſhall be to each other nearly in a ratio of equality. Example. 
Suppoſe 1000 cubic inches of gold, hen reduced into a ſpace abſolutely full to be equal to 
one cubic inch: then 1000 cubic inches of water, which is 19 times lighter than gold, will, 
when reduced, contain th part of an inch of matter. Conſequently the void ſpaces in 
the gold, will be to thoſe in water as 999 to 999 13, or nearly in the ratio of equality, 

In the preſent ſtate of knowledge, it is impoſſible to determine how far the diviſion of 
matter can be actually carried, or whether there be any indiviſible atoms by the arrange- 
ment and combination of which all ſenſible bodies ate formed. We are, however, furniſhed 
both by art and nature with many aſtoniſhing inſtances of minute. diviſion. —If a pound of 
filver and a grain of gold be melted together, the gold will be equally diffuſed through the 
whole ſilver; and if a grain of the maſs, containing only the 5761th part e of 
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A grain of gold may be ſpread by the gold-beater into a leaf containing 50 n chit 


; and this leaf may be divided into 500.000 parts: and by a microſcope, magnifying the 


diameter of an obje& 10 times, and its area, 100 times, the Tooth | part of each of OY that 


is, the 50 millionth. part of a grain of gold will be viſible. ® | 
The natural diviſions of matter are ſtill more ie In 1 "Ll a 3 


priſing ſubtilty of parts is perceived: ſeveral bodies ſcarcely loſe any ſenſible part of their 
weight in a great length of time, and yet continually fill a very; large ſpace with odoriferous 


particles. Dr. Keill has computed the magnitude of a particle of aſſafoetida to be only 


725 part of n cubic inch. Again, Mr. Leewenhoeck. informs us, that there 
are more animals in the milt of a cod-fiſh than there are men on the whole earth, and a 
ſingle grain of ſand is larger than four millions of theſe animals. Moreover, a particle of 
the blood of one of theſe animalcula has been found, by calculation, to be as much ſmaller 


than a globe of the Loth of an inch in diameter; as that globe is ſmaller than the whole, 


earth. " Nevertheleſs, If theſe particles be compared with the particles of light, they will 9 
be found to exceed them in bulk as much as moun mountains do ſingle grains of fand. 5 


Theſe inſtances may ſerve to ſhew the amazing fineneſs of the parts of bodies which are 5 


| nevertheleſs compounded. Gold, when reduced to the hnelt leaf, ſtill retains thoſe proper - 


ties which ariſe from the modifications of its parts. Microſcopic animalcula are, without 


doubt; organized bodies, and the glebules of their blood are poſſeſſed of ſpecific qualities. 


Even the rays. of light are compounded-of an indefinite untiety of particles, which,” When 
ſeparated, have ee en eee bens. St ee add 2: 


Dep. III. That force by which the” parts of hs ſame body, or bf : 
different bodies, on their contact, or near approach, are united to or tend. 


towards each other; is called the attrattion of cobe ant e Ke Ms up 


+4 


- PROP. II. {The e e af coheſion appears in GGlid bodies. by 
Exe, 1. Obſerve the different degrees of coheſion in different Kinds 'of wood, n 


1 from pieces of equal diameter, placed vertically or horizontally, till they break. 


- Meafure the different degrees of coheſion in ſilk, thread, Ho Nodes hs ” ny 
p from cords of each, placed vertically or horizontally, | 
| The reſult of ſundry experiments, made by profeſſor Muſſchenbroek, e ths e 1175 


power of different ſolids, may be ſeen in the following table. In eſtimating the abſolute : 4 


coheſion of ſolid bodies, he applied weights to ſeparate them according to their length : the 
pieces of wood which he uſed were parallelopipedons, each fide of which was 27zths' of 
an inch, ant the metal 'wires made ute of were Feth of a Rhinland inch in diamecer, ad 
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"PROP; III. "The attragtion of coheſion page place. —_ Os 
of the fame fluid. leona; 9. | bt bus HITS 
"Ex. 8 4 A drop, of wales.” at the end of a ſmall Smet of pi” will bang in 2 
rical form. | The drop i is ſpherical, \becauſe, each, particle. exerts an equal power in every 
ng other particles towards it on every ſide as far as its power extends, 3 
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es pod mercury, on lee unite, which union. Can ariſe OO: ** their 
ſtrong attraction. reps of water W do the fame. 5 e e eee 
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PROP. W. I The ; on; of Re takes place 3 two lid 
hodies, of the ſame; lind; and the more m. Nag N bas! os comer 


is the attracting n 505 poitivag 1 35570 g afs os; 


* I, I wo plates of glaſs laid together, chem n dy, will cohere; 2214 
Two leaden balls, having each a flat ſurface of a quarter of an inch in diameter, ſeraped 


, on being forcibly put together, will cohere ins * as ſometimes | to 1 42 
weight of nearly 100 lb. to ſeparate them. : 5 
3. Two poliſhed plates of braſs, ſmeared with oil, will cohere PER: | 85 
M. er poliſhed planes, ubaut toro inbes In Mine- y 
ter, heated i in . n 1 PHP: greaſe, RIS follo W e to 
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it it appears, : that the aſcent of fluids in | capillary t tubes i is not owing to the preſſure of the air 


ſelves to their former poſition,” n agent , 
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PROP, Vi | [The ai ation nf coheſion takes. la 
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Ex. 1. A Plate of gab, or metal, 25 retain d rops of rater, A 
inverted. 
"22, "BE MA of glaſs be in part immerſed i in a * of water, the 22 which 1 con- 
tiguous to the glaſs will riſe aboye the leyel. 

3. Water rifes above' its level between two paral allet plates of glaſs: Ua all diſtance om. 
each other, and in a glaſs tube having a fine bore; called 4 capillary tube. Al 0 

4. The fluid will riſe between parallel plates, and in capillary tubes, in vacus-, Hence 


£2 


. Human blood will riſe to a great height in a tube having an exceedingly fine bore. .. 
6. Water will aſcend f in the cavities of ſponge, ſugar, and other potous bodies. . . 
ey If a drop of oil be poured upon A plate of gals laid, horizontally, and. another plate: 


of glaſs be ſo placed as to meet the firſt plate : at one edge, ahd be at ſuch 4 diſtance from | 


it at the other, as' juſt to touch the drop of oil; this drop, becauſe its | touthing fu rhace. i i”: 


HO intarging, will move with increaſing velocity, towards that edge, If the planes. 


be lifted"up on the fide eee e the mation will. be n 


£4, * 
4 * 


a 5 BE. nity % . . AT 4 
veſſel, ; 1 ip 44 1 33 * 14785 4 * {77 5 2 © He rer IC S +5 5 SLES 13 3 1 3 
Jef Two-circular pieces of re eee upon water, and drought! near each eben wills 


be attracted. 


12. K circular; piece. of: ice, ty. inches and a bab green baked and 


5 brought to touch the ſurface df ſome mercury, will be. ſo ſtrongly a attracted- by the mercury, 


as't6 require more khan nine pennyweights, in the oppoſite Kale, to, \reſtore the 60 : ailibrium. > 
13. A piece of wood having a ſmooth and plane ſurface, ſuſpended "na 2 beam and 
balanced, on touching a ſurface of water, will. be attracted; and it will 


on 


weight in the oppoſite ſcale to ſeparate d EVH wolsd n ods rl 


Seopiun 1. A it is by, che attradtiv of, cohefign, dat che pazts: of aichody ae 


together 5. ſo, when. a body, i is broken, chingthaflinn ions overcome. Henee-therreafanrots: 


ſoldering of -metals „ Slueing of. wood, &c. Hence alſo may be, explained-whyrſomerbodies'? = 
are hard, others ſoft, and. others fluid, which properties may-reſult.fram-the diffirenciiguress 
of the particles, and the greater or leſſer degree of attraction conſequent thereupon. 2 


city.,may ariſe frotm the particles of & body j ver, diltürbed, not beiftg üratvn 1 eb. 
other's attraction; us ſoon; therefore, ab che e it beaſts +028," 2 'reſtor, 


* 
A 


* 


F eee . ae 
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OF MATTER. 206K 1; 
SCHOLIUM 11. Solids are diſſolved in menſtruums from che particles of the ſolid being 


more attracted to the fluid than to themſelves; Precipitation ariſes from a like cauſe; for if 
to the ſolution of any ſolid in a fluid, ſome other ſolid or fluid be added, the particles of 


which are attracted by the fluid with a greater force than thoſe of the ſolid which was dif- - 
ſolved, dps ee bland ance eee Ot 


. 2 
i 


PROP. VI. The 1 to which. a PEE E778 between TE plats 
of glaſs are inverſely as the diſtances of the plates. | 129 


The abſolute attractive force of the plates, will drags remain the 8 pl ob be 
the diſtance of the plates. The fame weight of fluid muſt, therefore, at different diſtances 
of the plates, be ſupported. But the quantity of fluid ſupported can only continue the 
fame, when the height of the column ſupported is reciprocally as its baſe ; that is, when as 
much as the height is increaſed the baſe is diminiſhed, and the reverſe. Now, the length 
of the baſe remaining unvaried, the baſe can only be made greater or leſs, by increaſing or. 
diminiſhing the diſtance between the plates. Therefore, the force, and the quantity of 
fluid ſupported, remaining the ſame, the height will be greater as the diſtance of che plates 


is leſs, and the reverſe. 8 
Let H, B, D, expreſs the height, baſe and diſtance, "when the alavd are ad a gina 


- diftance, and 5, b, d, expreſs WIT PERS Book, nearer : eee 1 
dern, H: 5 : r 4: P; therefore H: 5 35 29 1 e 


Exy. rr a differen diſtances from eachother, 


| — won. 


' PROP. VII. The faſpention of the fluid, in e bes] is di 


to the attraction of the ins of glaſs ON, to the aer furlcs . | 
n,, 1 5 


P ͤ A ·ẽwãꝛůmJↄ̃ͤͤ | 
it attracts the water below it upwards, and conſequently” can contribute nothing towards the = 
ſupport of the column: and the action of the loweſt ring upon all the fluid in the tube, 
within its ſurface of attration, muſt either concur with the force of gravity. to bring the 
fluid downwards, or, acting upon it at right angles, can have no effect in ſuſpending it 


- within the tube. Tis re en eee by the ving en eee, | 


+ This propofition has been diſputed. Dr. Hamilcon, im kis ſecond leQure, fappaſes that the ſuſpenion/ dle 


from the attraftion of the annuus lying juſt within the lower orifice of the tube. But Mr, Parkinſon rejecte both 


TTW RO ny een, 
5 88e ee | | 3 a 
- | 7 Hu | 7 . e | 2 


CC or koi E | 1 Pa, ö 1 
——— atiiiirg ipwands;:appates the (Riel of Wh | in by which - 

| the tid enerory to ais reaſoning "y OY ee ? 5 

parallel plates of glaſs. nk 3 pughl 175 + 1 FIT 116 7 5 VU 


Ex. eee ee dle bos er her in Gin „„ 

thace ting uf ebe here immerſe its wider ofifice in water, till it is filled to any height leſs: 73 

| than the length of che wider part; che fluid will only riſe to the height to which it would" = 

riſe if the tube: were throughout of the ſame bore with the wider part: but immerſe the tub „ 
till the fluid enters the ſmaller part; and the whole column will be ſuſpended, provided its 
ee een EE 
- fippoting: | Koa 
{ | Hence it is manifeſt that the water js luſſained by the ancradtion of the nacrowen part of 
che ne? for the wider part could not ſuſtain ſo long a column: it is alſo manifeſt, that it is; 
ſuſtained by the ring contiguous to the upper ſurface; for if it were ſuſtained by the ring at NE, 1 
the lower ſurface, no reaſon could be afigned why this ring ſhould now ſupport the greater FVV 
colvata in den tee 0: ral, e, os aro ie. N 3 
fuled a part of the wider tub... Reif a! 5 „ 
| | Noun; lee r e into ee inter the: Lohr, ee eee „„ 

wider part; when the ſuſpended column is of greater length than that which a tube of che EL 
ſame bore with the wider part is capable of ſuſtaining, it will immediately fink: whence it e 
is manifeſt, that the ſuſpenſion of the column in this caſe depends upon the attraction of tße Rot 
wider part of the tube; for the narrower part could ſuſtain a larger column ;. and; alo,”that 
it is ſuſtained by the ring contiguous! to the upper ſurface ; for if it were ſuſtained by the” 


ring een P ͤ Gpprant ape iantgpn anion: | 
Senor; The reaſon Why the narrower or wider ring ſuſtains a column of the fame Fr 

length in the unequal tube above deſcribed, as in a tube throughout of the fame diameter as. BEER: 7 

the upper ring, is, that the moving forces of the ene e 1 8 „ 


neee ben Book 1x, Br. Iv. Cor. 9 „ HEL LS LORE 5h. BY 
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FRO. vi. In , tubes, FOE: heights t to hich the fluid wks | 17 5 FEE. po: 
are inverſely. as the diameter of. the ogy „ Ws 


| . WI) ty "04 lg ir UN CC 
furface, and the diſtance to which the attracting force of glaſs reaches being unvaried; the ff 
a ttracting force which ſuſtains the fluid will be as the number of attracting particles, that is, VVV 
as the circumference; or diameter of the ring, or of the tube. Let Q, g, then, repreſent FFV 
the quantities of fluid to be raiſed in. two tubes of different bores 3 D, d, the diameters of _ 
_ - their bores; and H, þ, the heights to which fluids riſe in the tubes; becauſe. Q., 4 xepre=.. „„ 
bent two cylinders of the fluid, from the properties of the circle and cylinder (El. XII. HT Hes | 
Wer ghd DDH : 4; eee 


2 HALT $ £3 „ 7 1 * Ae 


OF MATTER. | nook. 


diameters: of the; bes, Q; 9::D: 4 DH: bai Ds and. conſequently 


D: 4:1 1 e ; 8 | ord oth 


Cor. From this 3 it appears, that in any vas be tube, the height to 
which it will elevate water, and keep it ſuſtained, multiplied into the diameter of the tube, 
is à given quantity; this is found by experiment to be. O53 part of an inch; by means of 
this value the diameter of a capillary tube being giyen, the height to which it will elevate: 
water will be known, for it will be equal to . 053, divided by the diameter: thus ſuppoſe: 
he Gomorrah ken. the. eee the eue enge, ae p. 

8 f 


* 1 g 2 7 4 i” 
WIA: 2; * Sed 3145 i 20 39 7 HW 1H 93 70, 2242 SSSO29 OH UD HUH, 
200 wit 


Exp. Let two tubes of different hacks: be ** in a veſſel of coloured Wiles * 
wilf be fbünd, "that the water will fas en Nights is a ſmallet fn abe, 25 the diameter of, | 


Sts bore is len chair that of the Beyer wie. 


* 7 * 
++. T5317 * 1 n 4 


8 * 


ier 


- PROP. Tx: | Between two ks e meeting 98 one TY " kept 
open at a ſmall diſtance on the other, water will riſe; unequally; and its 
upper ſurface will form a curve, in which the heights of the ſeveral 
points above the ſurface of the fluid} will be to one another r een | 


\Ler AE binche dt of the dz AF the line in which the plates meet y HY; the curve | 
farmed by the ſurface of the raiſed ſluid; GB, IC, KD, LE, perpendiculars to AE, exprefling* - 
the heights of the reſpeRive points G, I, K, L, in the curve, above the ſurface of the fluid; 
and AB, AC, AD, AE, perpendiculars to AF, expreſſing the diſtances of the ſame points 


as their perpendicular diſtances from the line in which the plate 


from the line in.which the plates meet: theſe heights and diſtances, are reciprocally propor- 
tional. For, let the lines GB, IC, KD, LE, repreſent pillars, of fluid of an equal but 
exceedingly ſmall breadth : thoſe portions of the glaſs plates, which, by. their attracti 


equal in breadth, are as their lengths, that is, as the intervals between the plates: and ſince 
the intervals continually increaſe as the diſtance from the line in which the plates meet in- 


creaſes, theſe intervals, at the points B, C, D, 5 are as their diſtances AB, AC, AD, AE, 


from the line AF. Since, theg, the heights of the pillars are a as the intervals, 
the 8 GB, IC, Kc. are reciprocally as the diſtances AB, AC, *. 0 


Exr Let coloured water riſe between two 3 plates * inner ſurlaces TER ac | 
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b ſupport. 

- theſe pillars, being equal, will ſuſtain equal quantities of fluid; ; that is, the pillars will be 

equal. But the pillars may be conſidered as fimilar parallelipipeds, which (EI-XI. 34.) 
are e when their baſes and altitules are teciprocaliy proportional. And the. baſes, being 
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nt . OF MATTER. . „„ 
14 PROP. X. 8 bodies appear to poſſeſs a power the reverſe of the „ eo i a,” 
7 attraction of coheſion, called repulſion, _ 4 | „„ 
1 1 If a pee of iron be laid upon mereury, de aer of the mercury ner the oy 
= iron 7 be depreſſed. : \ | | 
3 A fine needle laid upon water will ſwim. . | „„ 0 | 
3 pon” 35 Two circular plates of tinfoil being placed upon water, Ma preſſed wa by a ſmall x > ET wg 
1 additional weight upon their ſurface, repelling the water, will have a cavity round them: e *Y 
1 but when they are brought near each other, they will ruſh together; the re- action of the 
2 water on the outer-ſide of the plates being greater thay the re- action on the e W 2 WF 
J the two cavities produced by repulſion are united. ; 1 1 
3 4. Mercury poured into a recurved glaſs tube, ks e 1 e 
3 fine, and on the other large, will not riſe ſo W in the narrow, as in the wide bore: water 8 
1 will riſe higher Tos 


5. Melted glaſs dropped into water form alobules with « A fem. (called Prince . 3 
drape) which n I FO hone. 0 


2 
4 
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PROp. XI. All bodies on or hear the ſurface of the carth tend tc to- | = : 5 5 


1 wards its center, by the attraction of gravitation. 4 
A ſtone, or other heavy body, let fall, will eee FB till 3 1 BEDS 
ſome other body to obſtruct its courſe. And bodies move in lines perpendicular to the 
ſurface, becauſe the point to which they ultimately tend is the center of the earth, and the | 
line of direction produced, coincides with the radius, and is at right angles with the furfice + 
which is nearly ſpherical. Some bodies aſcend, becauſe they are ated upon by a ſor ee 


greater than the attraction of gravitation, and in a contrary direction. ee 
nnn, nnn ̃ k . . 


Ex. of Smoke or ſteam will deſcend in an exhauſted receiver. _* 5 g Ri a 585 No 5 
„„ Any boding e e oy oo wil one LIN 
| by evaportiom. | s 
Scuol. 1: When es ed of eee carers; we r r 
nature, or aſſign their cauſes. Having derived general principles, or laws of nature, from 
phenomena, we only . a name to . ones in order to Sein other 5 8 
| « them. 
Scholl. 2. The e of all bodies 9 the earth really mel from their ten- 
dency towards the ſeveral parts of the earth. For by an experiment made by Dr. Maſkelyne- x 
upon the ſide of the mountain Schehallien, he found the attraction of that mountain ſufficient” 
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OF MECHANICS, 
VP 
THE DOCTRINE OF MOTION. 
nar. L 
of the General Laws of N. oon. 


PROPOSITION Ez; 
PF VERY VCE will WO TERS. in its ſtate of reſt, or of unkfom motion 


in a right line, until it is compelled, by ſome force, to change its - 
Mate. © N JJC 


Any body at reſt on the ſurface of the earth will always continue fo, if no external force 


be impreſſed upon it to give it motion, and if the obſtacle which hinders the attraction of 


gravitation from carrying it towards the center be not removed. A body being put into. 
motion by ſome external impulſe, if all external obſtructions were removed, and the attrac- 
tion of gravitation ſuſpended, would move on for ever in a right line; for there would be 


* no' cauſe to diminiſh the motion, or to alter its direction. This cannot be fully eſtabliſhed | 


by experiment, becauſe it is impoſſible intirely to remove all obſtructions; but, fince the leſs 


obſtruction remains the longer motion continues, it may be reaſonably inferred, that if all. 


obſtacles could be removed, motion once communicated to any body would never ceaſe. 


Exr. 1. A body at reſt requires ſome degree of force to put it into motion : and when- 


in motion, it will continue to move longer on a ſmooth ſurface than on a rough one; in- 


ſtances of which occur in the uſe of friction rollers; in the exerciſe of ſkaiting, &c. 
2. If a ſtone be whirled round in a ſtring, on being or at liberty it will continue to 

move with the force which it has acquired. 
3. If x veſſel containing a quantity of water be 1 along upon an horizontal plane, - 


the water reſiſting the motion of the veſſel, will at firſt riſe up in the direction contrary to 
1 e une ts WO PO IE be the wet is communicated to the 


Water 
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cnay. 2H Vs OF THE LAWS OF MOTION. 


water it will perſevere in this ſtate ; and if the veſſel be: ſuddenly: wank reſiſting the 


change from motion to reft, it will riſe up on the oppoſite fide, In like manner, if a horſe 


which was ſtanding till, ſuddenly ſtarts forwards, the rider will be in danger of _ 


thrown backwards, if the horſe ſtops ſuddenly, the rider will be thrown forwards. | 


an This propoſition ſuggeſts two methods of difdioguithing between te 


and apparent motions. (I.) Abſolute motion, or change of abſolute motion, may ſome- 


times be diſtinguiſhed Fa apparent, by conſidering the cauſes which produce them. When” 
two bodies are abſolutely at reſt, they are relatively ſo; and the appearance is the ſame when 


they are moving at the fame rate, ang in the ſame direction: a relative motion, therefore, 
can only ariſe from an abſolute motion in one or both of the bodies, which (by the Prop.) 
_ eannot be produced but by force impreſſed. Hence, then, if we know that ſuch a cauſe 
exiſts, and acts upon one of the bodies, and not upon the other, we may conclude that the 


relative motion ariſes from a change in the ſtate of reſt, or abſolute motion of the former 3 


and that with reſpect to the latter, the effect is merely apparent. Thus when a perſon on 


board a ſhip obſerves the coaſt receding from him, he knows the 2 7 1 ariſes from oy 


motion of the ſhip upon which the wind or tide is acting. | 
(2.) Abſolute motion may ſometimes be diſtinguiſhed from apparent by the feds pro- 


duced. A body in abſolute motion endeavours to proceed in the line of its direction: if tho ? | 


motion be only apparent, there is no ſuch tendency. It is in conſequence of the WARY 
to perſevere i in a reCtilinear motion that a body revolving in a circle conſtantly endeavours to 
recede from the center. This effort is called a centrifugal force; ; and as it ariſes from abſo- 
late motion only, whenever it is obſerved, we are convinced that the motion is real. 455 


Exr. Let a bucket, partly filled with water, be ſuſpended: by a firing, and wml ond 


till the ſtring is conſiderably twiſted ; then let the ſtring untwiſt itſelf. At firſt the water 


remains at reſt, but as it acquires the motion of the bucket, the ſurface grows concave to 
the center, and the water aſcends up the ſides, thus endeavouring to recede from the axis of 
motion, and this effe& increaſes till the water and bucket are relatively at reft. When 


this is the caſe, let the bucket be 3 ſtopped, and the abſolute motion of the water 


will be gradually diminiſhed by the friction of the veſſel; and at length, when it is again 


at reſt, ther ſurface becomes plane. Thus the centrifugal force does not depend upon the 


relative, e eee with nen it en increaſes, a: ht * 


FRO. Il. "The 4 of motion Weep in any 1 8000 is propor- 2 


"tional to the force impreſſed, and in the direction of that force. 5 


Effects are proportional to their adequate cauſes. If, therefore; 4 given ee wh P 
duce a given motion, a double force will produce the double of that motion. If a new force 
e upon a body in Wale, in tue direction in which it mn its motion will de 
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OF MECHANICS. BOOK 11. 
n ee ie now dies imprated if this force acts in a direction contrary - 
to that in which the body moves, it will loſe a proportional part of its motion: if the direc- 
c ee 1 it a new 
di Qi — : ; 

Exy. Lax cue dlay als: ſuſpended by ſtrings, r ball ſuſpended in the 
1 manner, at reſt or in motion, it will communicate a degree of motion greater or leſs 
in proportion to the force of the ſtriking body: e Dome cobas : 
deftroyed in the ſame proportion. 


Cor. Since the effect produced by wo bodies upon each other, dad hu their rela- 
tive velocity, it will always be the * * this remains eee whatever be their 


nies. 


PROP. III. To every action of one body upon another, there is art 
equal and contrary re- action: or, the mutual actions of bodies on each 
other are equal and in contrary ee and are always to be ee 
in the ſame right line. 


Whatever quantity of motion any body communicates to is ann or whatever degree of 
reſiſtance it takes away from it, the acting body receives the ſame quantity of motion, or 
loſes the fame degree of reſiſtance, in the contrary direction: the reſiſtance of the body. 
acted upon producing the ſame effect upon the acting body, as would AO Og by: 
an active force equal to, and in the direction of, that reſiſtance. | 


Cor. 1. Hence it appears, that one body acting upon another, loſes as much motion as 
it communicates ; and that the ſum of the motions of any two bodies in the ſame line of. 
direction cannot be changed by their mutual action. | 


Cor. 11. This propoſition will explain the manner in which a bird, * hs t its 
wings, is able to ſupport the weight of its body. For if the force with which it ſtrikes 
the air below it, is equal to this weight, then the re- action of the air upwards is likewiſe 
equal to it; and the bird being ated upon by two equal forces, in contrary directions, will. 
reſt between them. If the force of the ſtroke is greater than its weight, the bird will riſe 
with the difference of theſe two forces : and if the ſtroke be Fe than its e then it 
will ſink with the difference. | ; ; 


Exe, Let a clay ball in motion, iis ter e the friking body wilt 
loſe half its quantity of motion, which will be communicated to the other body. 


Scot. Theſe three laws vf motion may be illuſtrated by experiments, but their beſt 
confirmation ariſes from hence, that all the particular conclufions drawn from them agree 
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CRAP, It. COMPARISON OF MOTIONS. „„ 


with univerſal experiende. —:: by. hr-Jhnt Hetion. 24 thr Ss - | 
principles of mechanics; and the theory of all motions deduced from them, as principles 
being found to agree, in all caſes, with SPEAR: an oben vations, the. laws themſelves . „ | 
eee „ 15 5 #6 . 


\ ” p 
75 4 | 5 = Þ * 
$2 75 "Rn 3 


| CHAP. wt 1 5525 . CES. 
Of ibs Compariſon of uniform Motions. Fe bg 7 1 We 2 


PROP. IV. The quantities of matter.in bodies are in the compound [= 
ratio of their magnitudes and denſities. SO be £06 


— of tes ble give a rats aa + aa ace 
: if their denſities be given, the matter will be as the magnitudes ; therefore the matter 1 
W wen e ratio of the magnitudes and denſities. For example; If A . N 
and B be two balls equal in magnitude, the quantity of matter in A will be to that in B, as ff. 
the denſity of A is to that of B: K e e ghee FI OO, 7 5 „„ 
will be as their e 7 Mw OR Pope Ag 1 


PROP. V. The vel6cities with whicts'bodies movey are directly'as., — 


_ the ſpaces they deſcribe, and e as the times in Wiel mY e . 
theſe ſpaces. „ % a | 1 
| 5 — ; | 4 "4A 
It is manifeſt, 1 5 of . N as the ſpace a body paſſes o over in a „ „ 
given time increaſes, and as the time in which it paſſes over a given ſpace decreaſes; and the | 


reverſe. For example; If. one ball A move over ſi feet; and another ball Boyer three feet-- 

in the ſame time, A has double the velocity of B: but if the ball A paſſes over fix feet in „ 

two ſeconds of 4 ON IE e ane is „ . 
ee ; 8 | 5 © CO 


1 


„ VI. The foaces which bodite dleride a are in. a che — 
ratio of their times and velocities... 8 | 


„„ W that the longer time any body Ce. ave, oak greater velocity - 
it moves with, the greater ſpace it will paſs through; and the reverſe. - If, for example, the 
8 body A moves for one ſecond; and the body B moves for two ſeconds, both moving wich : Exe 

the ſame velocity, A will move through half as much ſpace. as B; if A moves with two „ 

35 degrees of velocity, and B 135 one n eren A wih in N . over 1 2 {4 

© HOO ION REAR! „ VH’ 
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14 r MECHANICS. nook 11. 


PROP. vn. The times in which ene move are dire@y : as the 4 
| ſpaces, and inverſely as the velocities. 

The greater ſpace any body paſſes through, and the leſs 4 8 of velotity it moves with, 
the greater muſt be the portion of time taken up in the motion; and the reverſe. For 
example ; If the ball A moves with the ſame velocity with the ball B, but paſſes over double 
the ſpace, A will move twice as long as B: if A moves over the fame ſpace with B, and 


N fa. r R r e N x 5 
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: with half the velocity, it muſt, in this caſe alſo, move twice as long as B. 
PROP. A. If bodies be acted upon by different conſtant forces, the : 
velocities communicated will vary in a ratio compounded of the forces | bp 
- Let F, V, 'T, rac force, velocity, and time, and be ſuppoſed variable; ; it is evident | Eh 
that the velocity will be encreaſed and diminiſhed in the ſame ratio with both ns" and i 
time, and theſe being independent of each other, V will be as FX JI. GE 
Con. I, therefore, F be compared with any other known force OY of generating 
1 rr Ke fin. cg theat Vx vicFxT:fx:.. 
= © __ PROP. VIII. The power required to move a body at reſt" is as ce ; 
i quantity of matter to be moved. | 
Each particle of matter in any body reſiſting motion, a. 5 8 be exerted upon each 
8 particle to overcome this reſiſtance; if, therefore, two bodies containing different CON 4 
of matter are to be moved, the greater body will require the greater force. „„ = 
DE. I. The momentum of any body is its quantity of motion. 5 
PROP. IX. In moving bodies, if the quantities of matter 125 equal, 
the momenta will be as the velocities. 


It is puanifeſt, chat if the body A be equal tothe body B, but A has eier = the neo of 
B, A has twice as much motion as B, - Fd f 


PROP. X. The velocit = of two bodies bein 5 ue their mom enta 
will be as their quantities, f matter. 


1 - quantity of matter in Bt muſt rota twice as much motion. Ns 


PROP. XI. /The momenta of moving We are in the — 
| tities of matter and velocities. | 
The greater quantity of matter there is in any body, and the greater en e 
WWW and the reverſe. 15 ſor 


are equal, A will move with twice the velocity of B; and if A and B ene and the. 


| en it is eee. chat with an n it will be able to overcome * | 
7 grentas reſiſtance, | 


COMPARISON or. MOTIONS. i 


example, the body A be double of the body B, and moves with twice its 1 the 
momentum of A will be quadruple of that of B: for it will have twice the momentum of 
B from its double Aalen and nnn twice 110 momentum of B from its double e of. 


CHAP. I. 


matter. 


Cox. Hence, if i in two bodies the «produc of the quantities of matter « and e are 
equal, their momenta are equal. ne 414 ; 1 


PROC XII. The velocities off moving bodies are as, heir momenta 


| ame and. their quantities, of matter inverſely. 


The greater momentum any body has, and the leſs Wasbek it ee 7-208 125 
greater muſt be its velocity. For example; If the body A is half of B, and their momenta 


momentum of A is double of that of S its velocity will alſo be double. U 
PROP. XIII. The force, or power of. 0 refſtace in . 


8 moving body, is as its momentum. 1 4 RE a bn or 15 


Since a body having a certain degree of motion is . to overcome 2 certain Fa of | 


Con. Heneeaber maochenifacm qo any body is ; meaſured by its power 7 overcoming re 


nun, 8 - 
Sinai. Let Es 75 ts eee of: 8 „ D, 4 their den. 


fries and B, b, their bulk or magnitude, V, v, their yelocities, T, f, the times of their. 
motion, S, 5s, the ſpaces over which they. paſs, P, þ, the moving powers, MA, n, theic. 
mente, * 2 Sl their. Ki the ith hit may be. thus e | 
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„ ob MECHANICS. avorn. 
2 RE 4 CHAP: ul. 


_ Of the C "re and . ere of F. vrees | 


_ 


Dep. A. Equable motion is either ſimple or Sat Simple 

motion is that which is produced by the action, or impreſſed force of one 
V ompound metion is that which is produced by two or more con- 
. ſpiring powers, i. e. by powers, n directions - are > neither eee 


nor coincident. 


PROP. XIV. A ty ated upon 5 two forces el will Knbe 
the diagonal of a parallelogram, in the ſame time in which it would ove 
FE deſcribed its ſides by the ſeparate action of theſe forces. 


g_ Af, in a given time, a body, by the fingle force M' iaprefied upon it at the point A, 
would be carried from A to B; and by another ſingle force N impreſſed upon it at che 
point, would be carried from A to C; complete the parallelogram ABDC ; and both 
' forces united, the body will be carried in the ſame time through the diagonal of the paralle- 
Jogram from A to D. For fince the force N acts in the direction of the right line AC 
parallel to BD, this force (by Prop. II.) has no effect upon the velocity with which the 
body approaches towards the line BD by the action of the force M. The body will therefore 
arrive at the line BD in the fame time, whether the force N is impreſſed upon it or not; 
and at the end of that time will be found ſomewhere in the line BD. For the fame reaſon, 
at the end of the ſame time it will be found ſomewhere in the line CD; therefore it muſt be 
found at the point D, the interſeQzon of theſe two lines. ODT Oe > will x move 

in a right line from A to D. 


Exy. Two equal leaden weights ſuſpended at the end of a triangular 1 of wood to 
give them a ſteady motion, and let fall at the ſame inſtant from equal heights, ſtriking a 
ball ſuſpended by a cord at the point in which their lines of direction meet, will carry it 


forwards in the diagonal of the parallelogram of thoſe lines produced. | | 
Cor. 1. Hence, the velocity produced by © i rs frees bro ive ith 
which the body moves by the action of each force ſingly, as the diagonal of the parallelo- 
* gram to either ſide; for the diagonal is deſcribed in the ſame time with either ſide. „ 
17 Con. 2. If two ſides of a triangle repreſent the directions and- quantities of two forces, 
the third fide will repreſent the direction and quantity of a force equivalent to deen An. 


ey: JJV 
= 55 Con. 
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car. ILL. COMPOSITION © or FORCES. „„ 


Con. 3. A body may be moved through the fame . —— In | „„ 25 Su 
"ew 1. fig. 4. AD is the diagonal both to the parallelogram ABCD, and to the | 
ben ADE an conn expel ore qu) AB AC, ada AP, AE. 


Cox. 4. Hence we learn why any heavy body let fall : | 5 . 
maſt, win ſhip i» puder yl Sil, e e 27 Tk OY TEN Oe rhe. 
been at reſt. 1 * A e ; 


4 


5 e This e may be uber iluftrated. 11 * upon the oppoſite 
ſides of a boat in full fail, ad unf a ball & es- notes, they fe REI, in their turn, | 
juſt as they would have done if the boat had been at reſt. The ball is here acted upon by 13 e 2 
| two forces: (i.) it partakes of the motion of the boat, which is common to the ball, be 4 ; 
boat, and the men: (z.) the other force is that with which the mam throws it acroſs the boat — „ 
By theſe two forces together the ball will deſeribe the diagonal of a patellelogram, one O  / 
| whole ſides is the line that the boat has deſuribed weak f rs Aying OP RON F 
nen,, 1 31 1 * eee EE 
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| PROP. XV. The velocity produced by two- eine A urn bey n 
act in the ſame direction, will be as the ſum of the forces, and when 
they act in oppoſite directions, will be as their difference; and the | . 
velocity will be the greater t the nearer they approach, t to the ſame direc- TE 


L * Ss EE « 


tion, and the reverſe. : | 2 


* * * F : = 
3 273 3 S, . =; 
3 


„ in ich AB. 1 * Adi and lee agg 
| rey joins forms e e e e wants te Spe gs 
A approaches towards AC, the diagonal increaſes, till at length it becomes equal to AC, E 
Cb, that is, to AC, eee | nen 4 Ws 


. 


ſame direction. PEP 8 wn | 8 +. i 

In the parallclograms Abe . An recodes Som CID; the desen er lt pi, -\- 5 
beten i an wich the angle, and the two files AB, AC, conſtitute one Fight line, te 1 
parts of which, AB, AC, repreſenting forces acting in oppoſite directions, if the forces 128 F 
8 they will deſtroy each ober; , I gh 


15 PR OP. Xv I. Ary ſingle force ol or "motion. may * e 15 two . 
forces or motions; ind tlie directions of thele may be infiniely varied: | 


3 two forces may de compounded into ſingle forces. 5 "+ Js N 
A body moving in the line AD, may, be confulered as receiving, een | . 
ben two hc eres jointly n he direfiony AB, Ac e ſro drs ether Seeger "+ wt 3 
| e e . 5 eee e . 1 
; ES 5 N 


18 


Phate 1. 
6 Fig. 8. 


or MECHANICS - own. 


tanner the diretien fel quantities ofthe forces will be diverſified with every change ot. 
. be pmgpantt nn lg 


Fr 5 


"PROP. XVII. If a body is acted upon 8 3 15585 TOP EY are 


> 18 to, and in the direction of. the three ſides of a FO the 


body will be kept at reſt. 


FVV „ 
_ and in che direction of the three ſides of the triangle GED : bebe rag egg pe 
 GEFD; and make AD equal to, and in the direction of the diagonal ED. + 
renn 
ir will be kept at reſt. But the force ED (Prop. XVI.) is equivalent to the two forces 
DG, DF, that is, DG, GE; therefore'the body acted upon by the three forces AD 
DG, DF, e eg TOO nl Aon 10 0 i 00s 
3 %% ²˙ o abt 
pals orer pulleys e in point if the directions of the cords: be parallel to the ſides 


of a triangle, (drawn in a plane parallel to the plane of the cords) whoſe ſides are to each 


other 4s the weights, a ball at the point in which the cords meet will be kept at reſt 


Con. "The body will be at ref if the wies forces are propurciantl t9 the thees Reb .of » 
triangle drawh'perperidicular to the direction of the forces z for ſuch a triangle is ſimilar to 
the former. Dram Ag Cd, and Be, perpendicular to the ſides GE, GD, DE, forming a 
triangle ge 4, which is equfangular to GED; hence, che ſides about their equal angles bein: 
proportional, the forces which are p- a cs ths Tee GE, OD, and" DE, are us 

proportional to gs, f and de. „ 5e . 

"* $cxioLavn. A boy's kite, ects jncho e ee of» badriinding white 
| Su NES RO e Ox re, ee 
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PROP. XVIN. The force * nde nn, is to that of direct | 
lar action, as the fine of the angle of incidence to radius. 4 


Let » body ftrike upom-the plane AD, at the point D, in the direction BD; the line BD 
exprefling the force of direct impulſe may be reſolved into two others, BC, BA, the one 
| parallel, the other perpendirular to the plane: of thele, the force BC, parallel to the plane, 
C 000 N 
reg head dee ab A is to ss. e 

Wer + 8. | „„ ikea. | 


— 2 
— * a» 
— 


. FN 40 
5, and the proof will be the fame. 333% ꝶ en on Tis 
' PROP. XIX. The force of oblique action produced „ 


to chat of direct action, as the coſine of the angle comp 
| the direction of the force and that in which the body is to be moved. to „„ 


radius. | $5 F TEES. 5 . * 6 A N I x 4 » x: 25 2 >a : 9 51 $:4#7 5 ; a ; . PEE] | | 
Lot FD repreſent a bree ating: upon x body at D, and impelling it towards ©; but let Pie yy ; 


DM be the only way in Which it is' poſſible for the body to move. The ſorer FD may be e 
FF w» ̃ #101, or GD; of 'which only the force GM impels it towards "Ihe F 
M. And, FD being radius, GD is the coſine of the angle FDG, or MDE, 8 


between the direktion of the force, and that in which the body is to be moved. ith ys 
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„r MECHANICS. OT Or RA 


tb i dion if ths preceding body will be dees from that which follows, and the 


ſum will remain the ſame. ee bn 


PROP. XXI. When t two e bodies, moving in an jo wb ite 


direction, ſtrike upon each other, the ſum of their momenta after the 


s ſtroke, will be equal to the difference of their momenta before the ſtroke... 


For (from Prop. III. Cor. 1.) that body which had the leaſt motion will deſtroy a quan- 


2 tity equal to its own in the other ; FPPHCCVCCCCV 
| cute ae. #1 


"Exp. "Te tro cylinders, filled with clay, A, B. 8 and fulpended by 


cords from equal heights ; let two other cylinders of the ſame kind, C, D, but in weight 


as 2 to 1, be ſuſpended from the ſame height. The heights from which they are let fall, 
in the arc formed by the motion of the cylinder (from the nature of the pendulum, after- 
wards to be explained) will be the meaſure of their velocity; and (by Prop. XI.) their 
momenta will be as their velocities multiplied into their quantities of matter; whence the 
caſes ef the two preceding propoſitions may be eſtabliſhed by the following experiments. 
1 me yolocty by ©, cod movagngy by x. „ 


No. 1. Prop. XX. Caſe 1. Let the cylinder-A fall from the height of 18 inches, upon 
the cylinder B at reſt: The momentum of A before the ftroke (by Prop. XI.) is 18; for 
the quantity of matter is 1, and the velocity 18; whence g'1 x v 18 = m.18; Aſter the 


ſtroke, the quantit of matter being (Def. 73 2, and the. wag erent See the 
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No. 2. Caſe 2. re 2 h. te Gems dere! thei hei 
momenta before the frake are 48 + 9 = 27; alter the froke, the quantity of Pr Ip 
be 2, and the velocity 134; whence v 131 x 9g 2,= n 27. | | 


No. 3. Prop. XXI. Cale 1. Io ene A end BG bs corn : 
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will be deſtroyed. * ; Tay ak” N 

No. 4. Caſe 2. C1 inches, „ 
oppoſite direction from 6 inches; FFV 
eee e Foe 

© No. 5. Prop. XX. Caſe 3. LE e r e 
ee ee e Before the ſtroke, the quantity of matter in C is 2, and its 
velocity is 12 3 whence its momentum is 24 f 2 & vV.12.= m 24. ee TT 
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No. 6. Caſe 4. Let C gen 1 iche 44 D f 6 Male hes wins debe, 

Betore the fte te Windy of C is 12, and quantity of matter 2; whence'its women- 
tum is 24; 4 N = u 243 and the velocity of D is 6, and its quantity of matter 13 Eg” 
whence g 1 * v'6 = m6; therefore the whole momentum is ai, ee ane new] 

Ly velocity of the whole is ro, and the quantity of matter g 5 whence 7 3 X'v 10 =m 30. 


No. 7. Prop. XXI. Caſe 3. Let C fall from 6 inches, and D from 12, in oppoſite 
directions, the quantity of matter in C being 2, and its velocity 6; and the quantity of 
matter in D being 1, and its velocity 12, their momenta will be equal; and being oppoſi 
will deſtroy each other. Conxub=mmn; Df * U =. ; 


12 121 36G. 27 ant 
No. 8. Caſe 4. Let C fall from 3 inches, and D from 12, in oppoſite directions: before | 
the firoke the momentum. of C is 6 Len I CEE! 
41 * v 12 = m 12; whence the difference of their momenta is 6. After the ſtroke, the 
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axif the bodies had. been void of elaſticity, . Rp FVV 


SST #4 


Fe or, fince (by Def. III. ) perfectly elastic bodies, on percuſſion, "refit kel ik 
a force equal to that with which they are compreſſed, whatever: momentum i is gained by one: _ - 
ne KEW ate; OE ĩ ͤ K 0 
gained, or loſt, from the power of . 3 n e | 0 ad ee 


3 4. 2 


Con. 85 1 the momentum of elaſtic bodies. 3 mt ay be d. ** 
doubling the momentum which would have remained, had the bodies been non-elaſtic, - * 


Y IE one of the bodies, conſidered as non-elaſtic; would lofe more than half its momen-- 
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Exr. Tha þ ans es tp may bs 8 8 ivory balls | 


| he correſpond with the preceding experiments on. non-elaſtic bodies. - 755 8 


Let N and B be be equal balls; and let O be wball double of the ball W | . 2 


— 8 "3 As 3 18 inches on. B at reſt has. 18 degrees 3 betas 
e ſtroke: therefore, after the ſtroke, ſuppoſing the balls non-elaſtic, the ſame. 

belonging 'to the to equal balls together, each has 9 degrees of momentum, and A has 
oft and B gained 9. This being doubled, A, a8 elaſtic, will loſe 18, and B will gain | 
18 Wann whetice A will be at reſt, and B will. move with" 18'degrees of 
momentum. . e . * W456; . e e N 1 0 e 23 nn 
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_ _ velodiy, and D win 2s. | 
No. be 
"being equal; would deſtroy each other without elaſticity: therefore, being elaſtic, each will 
=aquize- the momentum of 22 in oppaſite directions; nem, and e 


or MECHANICS, 285005 8 


Nova. Az falling from 28 inches, and B from 9 in the fame direction; 28 non-elaftic, 
after the ehe, esch has 434 momentum, or A has loſt 44, and B gained 44. eſtan 
after the ſtoke, A loſes q, B gains 9 3 therefore A riſes to ꝙ inches, B to 18. | 

No. 3. A and B, falling in oppoſite directions from 1a inches, as non-elaſtic, ould 


eee nn. nn. eee 
in the contrary direction. 
Nd. 4. 6, allies Hom x4 \ithes, anll B: bn the appalite” Brett ee" 6; 85 non- 
elaſtic, the momentum of each, after the ſtroke, will be in the direction of A; whence 
A loſes 9, and B loſes 9, moving 3 degrees in the contrary direction. As. elaſtic, A 
loſes 18, oben orgs ary oh n Bows bb, en eee 


direction. 
No. 5. G, 46able-of D, Ailing ons 43 darker s/ eee 


fore the ſtroke being 24, and of D nothing; as non- e laſtie, C after the firoke, having 
its momentum 16, and moving withthevelocity 8, will have Joſt 4 degrees of velocity, 
and 8 of momentum : and D will have gained 8 of each. As elaſtic, therefore, C will loſe 
8 degrees of velocity, or (Prop. XI.) 46 bf momentum, and D will e ee 


is, C will move with 4 degrees of velocity, and D with 16. 
No. 6. C falling from 12 inches, and D from 6 in the fame direction, bees the froke, 


the velocity of C is 12, and its momentum 24; and the momentum of D 6. - After the 


oke, as non-elaſtic, the momentum of C is 20, becauſe g 2 x v 10 =, 20, and the 


momentum of D is 10, becauſe g 1 & U 10 = m 103 therefore C has loſt 4 degrees of 


momentum, or 2 degrees of velocity, and D gained 4 of each. If, therefore, the gain or 


 Jols be doubled on account of the elaſticity of C and D, C will loſe 8 degrees of momen- 2 


tum, op 4 of velocity, nme * | +: algae eee 
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55 No. 8. C falling from 3 inches, and D from 12 in oppoſite directions; Feng: ee 
wentum of E before the ſtrokr is b, ail of D 12, as non-elaftic bodies they would, after the 
Kroke, move in the direction of D, with the velocity of 2 ; wWhence C would move in'the 
direction contrary tor its fuſt mation with 4 degrees of momentum, and - loſe 1045 and D 
| would lo 10; therefore, being elaſtic, C will loſe 20 degrees of momentum, and alſo D 
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whincs Ducalblinhs emminciicates . The efle@t being 
doubled by the elaſticity of the bodies, D communicates to C 16 degrees of momentum, and 
loſes as much itſelf, or returns with 4 degrees of momentum in the contrary direction ; 
| while C moves for wards with 4 degrees more momentum. than D had at the firſt.” Thus 
. de whole ſum of momentum is increaſed from 12 to 20 degrees: but 'as much as the mo- 
. | | mentum is increaſed in the direction in which D firſt moved, fo much is given to D in the 
contrary direction. VFC 
Don. 4. eee eee Wees uns d. wil ler dn 10 

motion; an elaftic body will return with a forcs een the froke. 5 85 
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or. XXIII. The motion of a body falling. freely by the attraction 
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| ( 1 | 
action of the attraction of gravity, and the effect of the former (by Prop. I.) till remaining, 
the velocity muſt continually increaſe.” Suppoſe a ſingle impulſe of gravitation, in one in- 
fant, to give it one degree of velocity; if after this, the force of gravitation were N 
| -falpended, the body would continue to move with that degree of velocity, without being 
accelerated or retarded. But, becauſe the attraction of gravitation continues, it produces a 
great a velocity in the ſecond inſtant as in the firſt ; which being added to the firſt, makes 
the velocity in the ſecond inſtant double of what it was in the firſt. In like manner, in the 
third inſtant, it will be tripled ; quadrupled in the fourth; and in every inſtant, one degree 
N „ r ton th oe nes 
33 ; : nim 5 
n Con. r bee 
I | N uu bodies deſcending in vacuo by gravity, Err 
| 456. 1 beet in one ſecond, and to acquire a velocity in falling which would carry them uniformly through 32.3 feet in 
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cities will be equal ; whence the momenta (Prop. XI.) will be as the quantities of matter MS | 
| but (by Prop. XIII.) the forge producing motion, is as the quantity! of motion, or m . — Ga 
tum, produced: therefore the force; of gravitation. is as the qu o matter; e 
much greater force, is exerted; upon the larger x body, than upon the leſs, 3x in 1 1 {40 
matter is greater than that of. the le. 3 e 0 erte ach en ie grovootindw van 2 
Cor. x; * "The weight of any body is as its quantity ef matter j ſor wei he's 8 | | 
of force with puch ain body is Re upon by ere 1 AR N 0 „ 
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Plate . de triangle ABC, WR eee and BC ls - 
A.” | villocity which it has acquired at the ebd of the fal; let AP, AD, be patts'of the time AB; 
aud through F, D, draw FG, DE, parallel to BC. Titus 210 En A h 14 Var £6) Au 
_ Becauſe, the triangles ABC, ADE, are ſimilar, AB is to AD 96.1 DE; but B 
- and AD expreſs ties of deſcent, and BC expreſſes the. E in the tims AB; 
therefore, fince (Prop. XXIII. Cor.) the velocities are is the times, DE expreſſes the — — 
city acquired in the time AD. In like manner, GF, any other right line parallel to BC, 
Se e eee in che time AF. Therefore che um of the Nnes which may 
be ſuppoſed drawn parallel to CB in the triangle ADE; that is;*the whole triangle ADE, 
will repreſenc the ſum of the ſeveral velocities with which the falling body moves in the 
time AD. For the fame reaſon, the triangle ABC will repreſent the ſum er the velocities 
with which the falling body moves in the time AB. Since, therefore, ft ig. nianifeſt; that 
the ſpace which a body paſſes through in any moment of time is as the velocity with which 
it modes i that moment; and conſequently, that the Tpaces thivingh which it palles in any 
times whatſoever, are as the ſums of the velocities with which it moves in the ſeveral 
mente of thoſe times 5; the ſpaces paſſed through in the times AN, AB, are ſo each qther 
| as the triangles ADE, ABC. But the triangle ADE (El. VI. g) is to the triangle ABC 
in the duplicate ratio of the homologous fides AD, AB, and alſo of DE, BC; that is, the 
ſquares of the times, and allo as the ſquares of che laſt ed velocities, 
ſpaces deſcribed are iti the cortipartitl ratio of che kisses and the velocidies, © 


r „inte lo 59714} bac en 49957 


„ Let there be two pendulums, ons of which vibrate. ige as faſt gs the other, 
ball let fall from ſuch a height above the ball of the ſhorter pendulum as to reach each it in one 
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velocity is as the accelerating force (rp. Ap. 1) whe the qu of het, he 

| time, elt is given (by Prop. Il.) the. ſyace deſcribed will be as the. accelerating 

„where neither the- i force, nor the ſquare of the time, is gh 

 thotpuce deſcribed] with be" jm .thie ratio: compounded of beth. I then the ſpace debe 


acters, the times of vibra- 
. * a roots. of dhe arcs, FR. PG, or oti their doubles, FG, BB. 5 


E , ee ee e e ſquare: of the time Te, $ wil by FPG, 
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| whens {ſins hates whoſe enges as given as mug o their enor 
ls inverſely s A. But Tei 5 5 therefore where $ l giyen. T. l inverſely aA 3 


thkt is, hat ns eta ed te 
deſcribed are inverſely as the accelerating . forces. And if the ſquares of the times of 
falling bodies are inverſely as their accelerating forces, the ſquares of the times in which 
pendulums vibrate, are in the ſame ratio, on aceount of the conſtant equality between the 
I 
enen, ent 1-208 e 4 ha! - 
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pint ag film wars eee, 
ing the-equator, the foree of gravity mult alſo.decreaſe. Avvo 
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eben i ee e and the length of this: pendulum . 
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w_ from x as the FO any fare XA; 4 ans .of 4: rel 
ADB. be dferibed; and in the: right line AX+a'\ body-deſcends ah ſuch 
force, that its velocity in any points M. N. Ge. ſhall be. ahoays as MED, * 


NP, Sc. the fines of the \arcs, AD, AP: "the time in which the Boch will | 
would de/eribe © 
the auhole. arc ADB with: the” uniform velocity, expreſſed 4 XB, -acgiared - 


deſcend: from A t X, will be equal.to the time in aobich 17 


by the Falling body wheit it arrives 4 XN: alſo; the time of the fall-through. 
any ſpare AM, will be to the" time 166 vagh any other [pace KO, 


as the arc AD to the arc AQ; a 3.4 and the ' force. with Fark | the, body ; . 5 
1 a e in any 1 7 M, will be as. ; MX the diftance of that. Place, 1 : 
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OS MECHANTES, | worm; 


- he Dfiks © ghee fide ene tabeddadebaitaly Dnall and therefore not aflign- 
ably differing from a right line; join DX; and draw DL perpendicular to NP. Becauſe 
the triangles MDX, LDP, are ſimilar, (having each a right angle, and the angles MDX, 
LDP, whoſe common compliment is LDX, equal) MD will be to DX as LD or MN © 
DP. Bus, by the hypotheſis, MD is as the velocity of the deſcending body at the point M, 
Unt is, as the velocity wich which the indefinitely fmall line-MN is deſcribed; and XD-is | 
as the velocity laſt acquired by the falling body at X, that is, as the uniform velocity with 


_ which the arc DP is deſcribed. The velocity therefore of the body. deſcending through the 


indefinitely ſmall line MN, will be to the velocity of the body moving along che are DP, 
28 MN ta DP... Wherefore, ſince the velocities are proportional. to the. ſpaces paſſed over, 
3 ſpaces, MN, Dę, are deſcribed, will be equal. After the ſame 
manner it may be proved, that any other indefinitely ſmall portion: of the circumference, 
PQ, may be deſcribed with the velocity XB, in the ſame time in which the correſponding 
Une NO wilt be deſcribed with the correſponding velocity NP: and conſequently, by eom- 
poſition, the falling body will deſcend" through all the indefinitely Tmall portions of the 
perpendicular AX, that is, through the whole line, in the time in which all the correſpond- 
e e eee eee n 
uniform velocity as XB. 2 2 
Moreover, in which the falling body eſcents kom X's Il. is "equal 4 he 
time in which-the are AD is paſſed aver; and the time in which it deſcends/from A to O 


paſſed over, is to that in hich the are Q is paſſed over (ſince they are hoth deſoribed 


with the ſame velocity) as the are AD to the are AQ: therefore the time of deſcent from 


A to M, will be to the time of deſcent from A to O, as the arc AD to the arc AQ: and 


conſequently, b ee, ee, ee 

through MO, as the arc AD to the are DOM. 

Lay, let the ares DP; N., be equal; juin- XP, and hen Pl fall PS'perpendipular 
x0 OQ: the ume of deſcent through: MN will be equal to. that NO: and, ſiner 


the triangles. LDP, MDX, are fimilar, and alſo SPO, NPX.; LP vill be ta D or PQ. 


MK to XD or XP; alſo PQ is to SQ. as XP zo XN; and . conſequently, (El. V. 11.) 
LP will be to SD XM to XN. But LP is as the increment of the velocity acquired 
while'che body is paſſing over MN; and 8Q is as the increment of the velocity acquired in 
-paſing over im an equal time the indefinitely ſmall line NQ; and the forces with:which:the 
bea is acoalerazed at M and N. are as the increments. of. the velocities. generated in\equal | 
times ; the-acceleratipg forces at M and N will therefore-be as the lines LP, SQ. that is, 
the force with which the body is impelled at M is to that at N, 2s the diſtance XII co the 


eee XN, or, the acceleratidg forces are as their dlttances from the center. 


Con. r bling few A'to X's pil bars Kon 
. teenie We co lon egg that force at the beginning of the motion 
| 8 : 2 


5 er n] 


is expreſſed by the right line CE — nt As a 
of the ſame body in any places M, O, will be expreſſed by the ſine MD, O and the 

times by the arcs AD, AQ and the increments of the velocities, ot; if the arcs increaſe 
ace Oo ng Ro, OO 0» 33 


IEM. I. If body, e be Se prove: l | 


proper tional « to its diſiaucs from the point X from whatever hight it fable, 
it will arrive at the point X in the ſame time; and this time wall be tt-the 
time in which it would move over the” whole: line AX. with. the velocity 


which it acquires Lode Fit ANY a ſerenct — 
circle to its diameter. „ 


| Let ies bie be br: Ai os: % IS 
unpelied by forces proportional to their diſtances from the point X ; theſe bodies will come 
to K at the ſame tine. me en eee ee 
| quadzants AR and PO. and let the force by which. the body A js impelled,,.or,, which is 
the ſame thing, its velocity at the beginning of motion, be repreſented. by RS, 4 $: 
the indefinitely ſmall. arc AS: it. is manifeſt (from the Cor. of the yreveding Lama) That 
ee be Min. Le I But, by hypotheſis, 
the forces by which the body at A, is xccelerted, is to that by which the body: as f i 
accelecated, as AX is to. X, chat is (ſinoe the ares A and PN. ate Gmilar) ae R8 to MN. 
As therefore RS expreſſes the firit velocity of the body moving. from A, INI will = 
the firſt velocity of the body moving from P: and cobſequently (by the Cor. to. tha lt 
Lemma) XQ will expreſs the velocity of the body moving from P, when it arrest K. 
Farther, the time of the: fall from A to X (by Lemma L) id S ta- e tree» in which. 
the arc AB would be deſcribed. with. a velocity as XB: and the time of the fall from P 
to X is equal to the time in which the are P. would be deſcribed with a velocity as . 
Bar (becauſe the line XQ is to the line XB as the arc PQ te the arc AB, and. that the 
ſpaces paſſed over are proportional. to the times) the time in which the att AB is deſcribed. 
with the velocity XB ig equal to the time in which the: ae Q. is deſcribed with the 
velocity XQ. meme enn INS 
de fall fem F X. Ss Fans 
Again, fince;(by'Lem. 4 e foo Ato.X n 
the ums in which it would move over the arc AB, with its. laſt. acquired velocity at X. 
and ſince it is evident, that the time in which a budy would move over abe are AB with. 


the velocity at X is to the time in hich it would. move. over AX wich ahr ſame-velocity,, = 
A i % AX; the time in which, a body; wauld fall from. A ee X is 4e che tin in 


which it would move over AX with the. laſt acquired velocity, = AB to AR. But AB is: © 


| WAS. ie AR Pris A tas. pe lth eee of « cnc i ws 


4 


Plate 2. 
Fig 3. 


)) 


diameter. Therefore the time in which a body weuld fall from A to X, is to the time in 
5 rar „ „ cn 43 A MY en e nene 
e eee aol} 3. 1 i n 


| Dar. VI. Af a 8 as Fell. Þe rolled 43 che Jes AB, cl it 


has turned once round; the point C in its circumference, which at firſt 
touched the line at A, will deſeribe the curve line ACXB; which curve 


is called a Cyclud. The right line AB is its 6% the middle point & 


is its vertu: a perpendicular, as XD, let fall from Ax to the baſe; is 
its axis: and the circle FCH, or any - other as XG 2, equal. chereto, is 
called the e, T e e ee 


1498 "7 
* 


- AEM. ll. If un XD, te ax of the cl ra dame eber. 
ratingcifele-XGD be deſcribed; and if from @ point in the cyclhid, as C, 
the lint EIK be drawn 2008 t the , the n, LA it a, will * 

equal. ti the arc GX. * * 


ee the generating circles FCH, . 
K i equal to CI; whence, adding GI to both, KI will be equal to CG: and KI, by the 
_-conftruQtion, is equal to DF; therefore CG is equal to FD. By the delſctiption of the 
cyeloid, the are CF. is equal to the line AF:: and by the conſtruction the are CF is equal 
. DG: therefore AF is equal to DG: but, by che deſcription of the cycloid, AFD is - 
equal to DG; conſequently, eg te e be b 
FD: „ e eee 55 51 
i | 4 af; 


v. 'A Tangent ; zo the due at ; the por 05 77 5 pen 1 ex. 4 
cher of the, circle DGX. FFC 


8 4 =o 


D cl, parallel to the baſe and Ebay e 
nr Let Cu and Gn, parallel to the axis; meet e in 1 and n, 
and from T, the center of the circle XGDM, draw the radius TG. Since e is equal 


Lem, III.) to 2X,” g4 being added to both, c> will be equal to Xg+g4 therefore cu the 
excels of ad above CK is equal to Gg· gu, the exceſs of Xg+g4 above XGTGK. And, 


if we ſuppoſe ci to approach towards CK, as Gy and gn vaniſh, the triangles Gen and 5 


- GTK become ſimilar; for the angle Gen is then equal to the angle TGK, ſince both have 
the fame angle T, or its alternate GTK, as their complement. 'Whence Gp is to gn 
as TG to TK, and (EL V. I8.) Gg EN to gn; as TG4 TK or DK to TK; but Gn is- 
$i Waka th RW . that is . ma 8:) as 
1 te 2 | | K 


. 


en 1. OF Tit Fold 15 4 1 i 
zz3 GE 1 EY 3 lars: O ning 1 | 
SE RKK. Ad conſequently: ca. (Rows x to be be > equal. 18 as: 1 to 8 ar r Cu, 23 
k to XK and if the chord Ce be drawn, the rriangles Cues 1 al be ſimilar: fo 
thut th chord" Cc (as the 678 c and c N becomes Rad. to X G; therefore. 22 
St of the cycloid at mel to XG. nd: 40162 e 125 1 2 654 
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is ENI. V. 1 from. 4 Point of * . as 4s .the Fa LMK bs — 
drawn parallel to tbe baſe AB, the arc XL of! the Ne bee oy pon] 4 
XN rhe chord of the" tirtle correfponting” thereto." AUS, 1255 


at 1 | | 5 
Dran doe line SF parallel and indefinitely near to eee eee ? 

chord XM produced, in P: join the points X and Rz on MP-let-fall the perpetidiculat | 

RO; and draw MN, XN, tangents to the circle at M and K, Then will che lines XN 

and 18, being each perpendicular to the diameter DX, be parallel: and the triangles 6; | 

MNX, MPR, having their angles at M vertical, and at P and X alternate, will be W 

ſimilar. But the tangents NX and NM are equal (El. III. 36.) whence the lines R | „ 

and RM are alſo equal: the triangle RMP. is therefore iſoſceles ; and RO being perpendi- | 

cular to its baſe MP, MO (El. I. 26.) is equal to OP; whence MP is equal to twice A0 

The indefinitely ſmall arc LS of the cycloid will not aſſignably differ from a portion of a 

tangent drawn through the point L. LS may thereſbre (Lem. I.) be bid 6s be parallel E's 

to Mp, and conſequently (from the paralleliſmiof ML and PS) equal to it : it is therefore There Rn 

equal alſo to twice MO; Bur LS is the de besen th helga arcs KL fd XS; CT 
and NO is the difference between the chords XN and XR; for fitice XO and XR are U.. „ 
definitely near to each other, RO which is perpendienlr to one of them, may be conlidere 
as perpendicular to both: the indefinitely ſmall difference th fe between any two ares. © 

of the cycloid is twice that which is between the two correſponding, chords of the. cid: 

| and the fame is tre wben the magnitude of the difference is abgnable, becauſe ſuch differ- 
efice is e mnbunded of indefinitely” ſmall parts, No, any arc whatſoeyer may be n- 15 


: arne a v Een bees two! arcs, A | e any: 8 AS Nen abe er 


the e XVI. i | 
| Con. | Since when the arc XL, becomes XB, ee bee cord XA comes XD. Ws IK 
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LEM: VI. If body ben oli "the Ares pre þ * j 
e upbn rhe boch in cauſing” it to deſcend” along the. cycloid, will be. 715 1 

Proportional to the di ance ef be body from the loweſt point of the et. „ 

Let the cycloid be AXB, whoſe baſe is AB; and its e DK; en which lat, . "hp 
(Same dere the i cl DUR: aud the c a OK a G. 7 . 1 
0 n 


rat "gl circle DIX. 
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the points O and Q, and parallel to the baſs AB, diner ths Lines 1 and n, draw alſo 
the tangents LV and MY. Then becauſe (by Lem. IV.) the tangent LV is parallel to 


Ok, and the tangent MY parallel to QX, it is obvious that gravity exerts. the ſame 


power upon a body deſcending in the cycloid at L (becauſe it then deſcends in the tangent 
LV) as it would do upon the ſame body-deſcending along the chord OX: and for the like 
reaſon, it exerts the ſame force upon it when it comes to M, that it would do if it were 


deſcending along QM: but (from Prop. XXXV.) the power or force of gravity upon 


bodies deſcending along the chords OX and QX, are as the lengths of thoſe chords; that is, 
by Lem. V. (halves being proportional to their wholes) as the length of the cycloidal arcs 
LX and MX. The force therefore of gravity upon a body deſcending in the cycloid at 


de point L is to its force upon the fame. when at M (as may be faid of any other cor- 


reſponding points) as the ſpace or diſtance it has to move over in the former caſe, before it 
reaches the loweſt point X, e in in the latter, before it arrives : 
he perm Lrg 133 | Ss 1 5 


TROr. XLV. If a Pendulum be evade to plans in a i al its 


vibrations, however unequal in length, will be performed i in equal times. 


| The force of gravity (by Lem. VI.) ſo far as it cauſes a body to deſcend in a cycloid, is 


| proportional to the diſtance of that body from the loweſt point : imagine then that body to 


be a pendulum vibrating in the cycloid, and from whatever point it ſets out, it will (by 


Lem. II.) come to the loweſt point in the ſame time: and conſequently, ſince the ſame may 
be eaſily inferred in its aſcending from 15 all its deren g 1925 pe _ 5 


will be performed in the ſame time. 


Schorr. e * 1 . 
the pendulum is concentrated in a point, for it cannot otherwiſe take place, becauſe as the. 
firing varies in its length, the center of oſcillation of a body will vary. On this account, 
therefore, eee eee ee how always wid, nn, fame arcs ill, 


2 „„ „ 1 nn nan Oo Ts TEN 5 


- PROP; XI VI. To make a plat vibrate i in a given . : $ 
Let AXB be the given cycloid ; its baſe AB, its axis DX, and its generating circle 


Dx, as before: produce XD to C, till DC is equal to DX : through C. draw the line 
| EF parallel to AB, and take CE and CF, each equal to AD or DB; and on the line CE 
28 2 baſe, and with the generating circle AGE equal to D, deſcribe the ſemicycloid 


CTA, whoſe vertex will therefore touch the baſe of the given cycloid in A. And on the 


line CF. alſo as a baſe, deſeribe an equal ſemicycloid CB. Let the ſemicycloids- CA, Cg, 
F — A Mn « 


rr 


CHAP. mn OF THE eyetonD: 9 
Cp by a flexible line equal in length is th he O. The upper part of its Sis (a #7 
CT, in its preſent ſituation in the figure) as it vibrates, will then apply itſelf to the 
eycloidal cheeks CA and CB, and a ball at P will oſcillate in the given cycloid D 
Draw TG and PH each parallel to the baſe AB, and draw AG, and DH. Then (Lem. V. 
Cor.) AC is equal to twice AEz and by conſtruction, twice DC, that is, twice AE, is 
equal to CX ; therefore AC is equal to CX. Alſo, by conſtruction, CTP is equal to Cx, 
that is, to ATC: whenee, . taking away CT, AT is equal to TP. By Lem. IV. GAis 5 
parallel to TP; and, by confſtruCtion, AK is parallel to GT; therefore GA is equal to 
TK, and GT to AK; but (Lem. V.) GA is half TA; therefore TK is equal to half 
TA: ſince therefore it has been proved that TA is equal to TP, 'TK is equal to half 
TP, that is, to KP: Hence it is manifeſt; that the parallel lines GT, PH, are equally - 


diſtant from AD, the are G equal to the arc DH, the chords" GA and DH parallel, and 


GE equal to HX. And, becauſe GA has been ſhewn to be parallel to TK, and alſo to 
DH, KP and DH are parallel; whence KD is equal to PH. But (Lem. III.) GT; 
that is, AK is equal to the arc AG: and by the deſcription of the ſemicycloid CTA, 
AK is equal to AGE; therefore KD is equal to EG, that is, PH is equal to HX. 
And (by Lem. III.) if PH be equal to HX, P is a point in the cycloid AXB. Iſt Holt: | 
of the pendulum therefore being at that point, is in the given cycloid. . 


Scholl. 1. It is eaſy to coneeive, that in a pendulum there muſt be ſome ane point, on 
each ſide of which the momenta of the ſeveral parts of the pendulum will be equal, or in 
which the whole gravity of the pendulum might be collected without altering the time of 
its vibrations. This point, which is called the center of oſcillation, is different from. the 


center of gravity : for if a plane, perpendicular to the ftring of the pendulum AB be con- Pine 2 


ceived to paſs through the center of the ball B, biſecting it; the velocity of the lower balk, 
and conſequently i its momentum, will, .in vibration, be greater than that of the upper half: 
conſequently the center of oſcillation muſt be farther from A than the center of gravity; is 
and a plane paſſing through the center of oſcillation will. divide the ball into two N 
parts, ſo that the greater quantity of matter above it, ſhall compenſate: for the greater velo- 
city below it, and the momenta on each ſide be equal. If the pendulum be an inflexible rod 


every where of equal ſize, it is found, that the diſtance of W * 5 


point of ſuſpenſion is two thirds of the length of the rod. 
If, whilſt a pendulum is in motion, it meets with an obftacle at 1 center 25 eilen 


ſufficient to ſtop it, the whole motion of the pendulum will ceaſe at once, without any... 


Hrring: ſor the obſtacle reſiſts equal momenta above 194 elem eee £2, 
fore alſo called the center of percuſſion. 3 Tp CITE 


Leno The vibrations 3 b ni irre 


no effectual remedy has yet been deviſed. — virdlPiaels" 3 
and temperature of the air, partly to the rigidity and friction of the rod by Which they zr. 
f mer mers oo, i | 


4 
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are formed. The metalline rods of pendulums are expanded by heat, and contracted by 
cold; therefore clocks will go flower in ſummer, and faſter in, winter. The common, 
remedy for this inconvenience is the raiſing or lowering t the bob of the pendulum (by means 
of a ſcrew) as the occaſion may require. By the laſt ſcholium it appears, that a pendulum - 
conſiſting of a tube of glaſs or metal, every where uniform, filled with quickſilyer, and 
58.8 inches long will vibrate ſeconds ; for 3 of 58.8 is equal to 39.2. Such a pendulum, 
will be expanded and contracted at the ſame time; for when. the tube is extended by heat, 
the mercury will alſo be expanded, and by riſing in the tube, will raiſe the center of oſcil-, 
_ | ation, ſo that its diſtance from the point of ſuſpenſion will be diminiſhed, and the vibrations 
: of the pendalum which would have been rendered flower by the expanſion of the tube, will 
become quicker by the expanſion of the mercury: and by adjuſting the tube and mercury in 
fuch a manner, that theſe contrary cfieQs may be the ſame, 2 cock. with ſuch a pendulum. x 
nee Bil. Lennie minen 05 


— — 


"PROP. XLVn. 10 eyery body. . is a v center e gravy, 0 or a a beine 
about which all its parts balance each other. 


Let AB be an inflexible rod, we es . 
18. 5. ſupported at the point C, equally diſtant from its extreme points A and B, by the prop CG. 
Let A and B be indefinitely ſmall and equal portions. of the rod AB. Theſe portions, A 
f and B, tend towards che center of the earth with equal forces of gravitation. They would 
Fig. 6. kkeewiſe,, withour obſtruction, move with equal yelpcities : for, if the rod AB be moyed 
on its prop till it come into the poſition DE, the velocities of the parts A, B, or F, will 
be as the {paces over which they paſs. in the ſame time ; that is, as the arcs AD, EB or 
FG; which arcs are as their reſpeQive circumferences, or as their diameters 05 radii >- . 
whetice-the velocity of the part B is to the velocity of the part A, or F, w 80 i is. AC, 
or FC. And the quantities of matter in A and B are by ſuppoſition equal.” Therefore, if . 
the parts A and B were in motion, they would have equal momenta 3 that is, the. efforts. 
which A and B make to deſcend towards the earth, are equal. Hut theſe efforts counteract: 
each other: for,  whillt the portion A endeavours with a certain force to draw. den ng 
arm of the vod, the other portion B endeavours with the ſame force to draw down me 
arm, that is, ſince the rod is inflexible, to. raiſe the portion A. Therefore the port 
1 | PPP 
3 For the fame reaſon, the portion B will be at reſt. And the ſame may be ſhown'concerning_ - 
| TY r * On e ene 


will 
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chAN. V. or THE/CENTER or GRAVITY.- 


* 


Vill be at reſt; huts; wird ar on each fide of the 3 x point will alan 
vs be the center of gravity. 1 „ 

I the rod were placed . . een indefinitely dal and un va barg 
1 as before, at equal diſtances from C, and reſolving each oblique force into an hori- 


vontal and perpendicular force (as in Prop. XVI.) it might be ſhewn, by a fimilar manner 


of reaſoning, that they would tend-towards een WR 1 ne in; r n 2 


vids an equilibrium would be produced. 


lane each other, 2 


* 


And if, ane {portions of matter were ned r dllro we 6 


flare, which ſhould be to each other inverſely as thoſe diſtances, as at F/and B, the 
equilibrium would {till be preſerved : for the forces with which ſuch portions” of matter; ſo 
PO}! would endeavour to deſcend, would be equal, when the quantities of matter, 
multiplied into the velocities with which they are endeavouring to move, that is, into ls 


diſtances (Prop. XI. Cor) are equal; 3s will be more fully aun. eee ; 


_ Mechanical Powers. 
Since, therefore," ll pe any WW OR ey be referred to nds ws ne ke 


ann it is manifeſt, that ee een W 8 aeard. 
e p e N N 


+ n S's * „ 


rox. XILVIl. 11. . of gravity in any ey be * 
the whole body 3 is ee ; if f this « center ths not e „ 5 


wall fall. 74742 17 ite t 4 
Fee ee 0 whit NG 1s ds th ly NNE Sls us 


equilibriog and-neither-ſide will move; but when this center is not ſupported, but the wk, 
hag a prop under ſome other point, thi kant ef Une en e een ee will. 
oves-balance cho parts. on che other ſide; and the body will fall. Fa 
Cox. Whenever a body moves by the power of Lat Ht ol falls, it is ante c of 
gravity c for if this e ann net it maſt be "TIED e 


1 vs h 
* 4 \ * 


12 


1 1 Let 2 Kadena form be Liſtained' e 
gravity; it will beat reſt in cany poſition- 


ebene: ge 6 neee ern 16 7 


dame manmgne 

3. A beam, whole axe galls dee e which Bentily he hs he ie 
gravity, will bg at reſt only when the beam is wants de nk tk bern, ran 

| the center of gravity will be then fallen as low as pollible. 155 
4. A cylinder, which has its center of gravity near one of its ee e 

e enn nn 
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Saen the. SK 
parts on each fide, acting with equal force againſt” each other; will (Prop. XLVIL). be in 


= 1 * 
n * . 


46 or MrchANics. nook. 


the plane 3, bes this denter, endeavouring to deſcend, will ary the liner co. ib 

aſcending direction of the plane. | 
5. Let a body conſiſting of thro equal nd aller cones ede dude akin; boiplaced 

upon the edges of two ſtraight and ſmooth. rods, which at one end meet in an angle, and 

reſt upon an horizontal plane, and at the other are raiſed a little above the plane, the body 

will roll towards the elevated end of the rulers, and appear to aſcend, while its center of 

nnn a n B eee 


IR? FF "Iv 


PROP. XLIX. If the line of direction comes within the baſe on 
which any body is placed borizootally, the 8095 will be e ; 
otherwiſe it will fall. ET 5 f 


Plate . In the body ABDE let C be the center of gravity. The line eee 

© _ the line drawn from the center of gravity towards the center of the earth) being within 

the baſe DE, the body will be ſupported, becauſe the weight preſſes upon the baſe. ' Alſo: 

fince the body cannot fall towards K without turning round on the point E, the point C 

muſt in the motion aſcend towards F, contrary to Prop. XLVIII. Cor. But in the poſitjon 

of the body abde, co the line of direction 22 1 1257 of 2 ein its motion towards LN 

deſcends, and the body will fall. | 

Our own motions and actions are ſubject to this mull. When a man ftands uptight, his 

_ center of gravity falls between his feet, and he. is ſupported; ty fiber on RI ho 

throws the line of direction without his baſe, and he would fall if he did not put forward 
one of his feet ſo as to cauſe it to fall within. Hence a porter with a load on his back leaus | 
forward that the load may not throw the line of direction out of his baſe behind; and by ; 

an artful adjuſting of this point it is that ſuch wonders WY PR OO ee 
eee Fe WE: 


I 


4 - » 


Exe, 1. Any body of „ ſorm, ſo 10804 upon its EY that 
VCC 
7 gravity) will fall; otherwiſe it will not fall. 

r e hefber 11; ighre? 3 
wich many. es ad th ie of dene, of the former fall within the bus and that | 
of the latter without the baſe, the former wy will 8 nar — down _ you: 


r ee nc tp POO ³ wm 4. REPS Ine 
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Dez. VIl. The center of motion. ur ne dy his er, © Þ 
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em. v. of THE CENTER or GRAVITY. 


.- PROP: L. A heavy: body ſuſpended on a L center of mation will 5 at 
a if the center of gravity is directiy under, = above, che 1 . 
motion ; ; otherwiſe it will move. 


| la bean body E, taigs by « Kdt as f cee, of ee g „ . 

2 is in the direction EL, contrary to the direction in which the ſtring acts to prexent 8 N * 
the body from falling. In chis poſition, therefore, the oppoſite forges being equal and ß... 
in contrary directions, deſtroy each other, and the body is at reſt. But if the body is _.. _ * 
at p, one of the forces acts in the direction pC, and the other in the direction pL, that is, in » 
directions oblique to each other, whence the body will move in the diagonal of the paralle- 1 N 
logram formed by pC, L. And in all caſes, ſince (without the aid of mechanical powers 5s ' 

_ afterwards explained) the force which ſuſtains any body muſt be equal to its weight, the 3 
| center of gravitation can only be at reſt when theſe forces are in the fame line of direction, N 
5 PC cc „„ is 


1 Exe, A circulariboard ſuſtained at a point above or below the center of gravity, wi 
only be at reſt when the center of gravity is at the loweſt point, that is, in the line Cans 8 
don; or when the center of gravity is in che ſane line above the center of motion. Ab, 


Schot. If ey «mor boi b ain, hey may by confer as and Kar =. Pn 
© common center of gravity. 112 . +3 2 18 92 T 1 Pe 2 * (421 os i; L l * * 5 


xx. 1. Let two unequi b tal be fac e the enn Tt wire tay 527 have a. 
common center of gravity... EY x 15 „ 
2. A board, which of itſelf would fall from a table as center os 1 n 3 


the edge of the table) may be made, in the fame poſition, to ſupport a veſſel of water, hang- N 
ing upon it neur the tabs; if a ſtick, fixed with one end at the bottom of the veſſel, and 8 


the other in a hole in the horizontal board, ee e hy 208 Ul of | 
= eien ThE . ann; the center of provity of the whole under the table. ds i or 


Hino The. e cntes-af hit of nay number wp oath te Plate 2. 
Let C be the common center of gravity of two bodies, dividing their diſtances (ſee Prop. Fig. 2 
XLVII.) in ſuch a manner, that AC is to CB, as B to A; Whence AK AC=Bx N, and 
conſequently, if the point C is ſupported, the bodies A and B balance each other." Suppoſe 
a third body, equal to the ſum of A and B, placed in their common center of gravity ©; 
from the point C draw a right line to the center of à third body D, Which divide in O, % 
that OD may be to OC, as A+B is to D; then is O the common center of the three 


bodies, A, B, D. Inte Gems ay te OO NT, . 1 
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K FORO MECHANICS HT 10 aonmen 
i in It any number of bodies: move uniformly i in r ighe Jes, | 


whether in the fame or different, directions, their common center of. 
gravity is either at reſt, or moves uniformiy in a right line. Hora 


Plate . If two bodies, A and, B,, move towards, each other. in, the ſame right e PHY : 
Fs 5. common center of gravity, C, and their momenta equal, the. velocity of A. will. be to chat oi 
B., as the body B to the body A, that is (as was ſhewn,, Prop. XL VII.) as A to BGC. 
Whence (Prop. VI.) whilft A paſſes through AC, B will pas through BC, and the. bodies 
will meet in C, which is their center of gravity during their e W time 
concourſe : therefore the point C remains at reſt. DEP is vets. 
In the ſame manner, it may be ſhe wn, that if th bee bete from each. or, thi 
uniform motions, the centers of gravity will be at reſt, . 55 
Plate 2. Next, ſuppoſe. that two bodies, A and, B, move in different We AC, BD, deſcribing, 
| <4 equal ſpaces AC, CE, and, BD, DF, in equal times; their common center of gravity Ls, 
will move uniformly in a right line. Produce CA, DB, till they meet in G: make AG to 
GH, as. AC. is: to BD, dra the right, line AH:; and through C. and: E draw CI; EK, 
parallel to AH. AC is to HI (El. VI. a.) as AG to GH that is a AC to BD; therefore” 
Ei.. V. 9.) Hl is equal to BD, and adding: IB to each, HB is equal to ID. In like manner; 
CE is to IK, as AG to GH, that is, as AC to BD, or CE to DF: therefore (El. V. 9.) 
IK is equal to DF, and, adding KEDito each, ID is equal to- KF: but ID was proved to be 
equal to HB ; therefore, KF is equal to HB. From L, the common center of gravity of 
the bodies A and B, draw L. M parallel to BD : draw. GM, and. produge it till it cut CI, 
EK, in the points N and O; and through theſe points draw NN, O parallel to BD. 
AL is to LB (El, VI. 2.) as AM to MH; and CP to PD, (as CN to NI, that is) as 
AM to MH ; therefore (El. V. II. )'CP is to PD, as AL to LB, that is: (becauſe. L is the 
common center) as B to A. Conſequently, P will be the common center of the. bodies 
when they are found in C and D: and in like manner, it may be ſhewn, that Q will be 
their common center, when they are in E and F. But, ſince ML. is to HB, as AM to AH,; 
that is, * CN to CI, that is, as NP to ID, abe ret e 
ID, MI, is equal to NP; and, in, like manner, NP equal to O; whence (ML, NP, 
OQ, being parallel to one another) the line LPO is equal to the line MNO, and, . 
points PN Q {apy points of the line in which'the common center of gravity is ſound as 
the bodies are moving from A to E, and from B to F) will bein a right line. Morrover, 
CE, LP; will be equal to PQ. Therefore the common center of gravity of the bodies 
A and B, tk ni ſame ge N moves ene or e 1 ne” n 
In like 8 ee lee two en 10 any third 8 3 | 
three , Res er * 1 found, it may be proved ** enen ina 
1 Con. 


*. 


o 
— 


1 


cur. 8. OF THE MECHANICAL POWERS: 


Con. 1. Hens it is manifeſt, that any forces acting upon a ſyſtem of bodies, mult zl . 
the motion of the common center of gravity of Wat ſyſtem, in che ſame. manner as if the _.. 
fame force were ſimilarly applied to a body equal to the ſum af all the bodies, placed in tbe | 
common center of gravity, And .the mutual actions of the parts of 1 ſyſtem upon esch 
e prodieing (hy-Proge e eee 


fate of motion or reſt of their common center of gravity. Conſequently,. the law. of a 


2 


ſyſtem of bodies, as to motion or reſt, is the ſams- an that of ane hf and 5 


eſtimated from the motion of its center of gravity... „ oo RARE 12 


Con. 2. Hence the center of gravity of a een er bodies weil tive be difturbed 
their mutual attractions, as the motions thus communicated are always equal 


- 4 = * * 
He the center of | ity of our ſyſtem f lanets'is either at reſt, or moves uniformly 
4 p 7 . 2 7 5 f _ 
in a . line. latter i is 218 by Dr. Herſchel to be che car. ne 5 
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Of 'Motion as directed by certain i Inſtruments called Mrcnanicar Pownns. 
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the Waght, WAN 


Aalen, ar prop... I. ic in theory. conſidered as an inflerible line without , 
weight. it is of three kinds : theidieſt; ae the een INI: 


weight and the p the ſecond, when the weight 
prop and the e e. ] "WR, the power 15 
and the weight. 

* Exp. 
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r IMECHANITCE!!! oon 1. 


„Meuse r n au des Kli e 
to it at K and L, acting in the directions KA and LB. From the center of motion C, let 


: CM and CN be perpendicular to thoſe directions in M and N; ſuppoſe CM to be leſs than 


CN, ind from the center C, at the diſtance CN, deſeribe the circle NHD, meeting KA 
iu D. Let the power A be repreſented by DA, and let it be reſolved into the power DG 
20ling in the direction CD, and the power DF perpendicular to CD, by completing the 


Parallelogram AF DG. The power DG, acting in the direction CD from the center of the 
_ circle, or wheel, DHN towards its circumference, has no effect in turning it round the 


center; from D towards H, and tends only to carry it off from that center. It is the part 
DF only that/endeayours to move the wheel from D towards H and N, and is wholly em- 
wende tis off, eee, aaron YEA n pon ln | 


E 


| ſented by DF, as ellrts baker ogra nod oppobite, i tes CN Lay at; that 


is, when the power B is to the power A, as DF to DA, or, (becauſe of the ſimilarity of 
the triangles AFD, DMC) as CM to CD, or as CM to We then the powers muſt de 


ner will t ene, which. a: er diene 


| of their directions from the center of motion. 


-: Other wife; Caſe 1. When the power acts perpendicularly Let AB be the ler C 
e P the power, W the weight. The force with which any body moves being s 
its momentum ( Prop. XIII.) and its momentum as the quantity of matter multiplied into 
the velocity (by Prop. XI. Cor.) the force with which the weight W would move in; the 
firſt inftant of its motion, if no other body counteratted it; would be as its quantity of 
matter multiplied into its velocity, But becauſe the weight W is ſuſpended from the lever 
en v. it would move with the ſame velocity as this point; which (as was 

in Prop, XLVIL) is as the diſtance of che point B from the prop C; er D. The 


Hott therefore with which'the weight'W-would move without any colmterhcting force, is 
PV 3 


prop C, or D. But the weight will be prevented, from, deſcending, if a, fore equal to that 
with which it would deſcend without obſtruQtion, acts upon it in the contrary direction; 


| that is, if a force be applied to raife the point K of the lever AB, equal to that with which 


the weight W would draw it downwards. Let the power P be ſuſpended” frm the ottier 
extremity of the lever at the point A; and let the quantity of matter in the power E multi- 
plied into the diſtance of A, its point of ſuſpenſion from C, or D, be equal to the quantity .. 
ol matter in the weight W multiplied into the diſtance of B from C or D: it appears from 
what has been faid concerning che weight, that the force with Which the power P, without 


_ bſtrudtion, would deſcend and draw down the point A, is equal-to the force with which 
the weight v would deſcend and draw: down the point planing che power 


. ng airs ts n fic. e 25 . 
. | 4s Bl | . 
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ens v.. OF THE: MECHANICAL POWERS. MO 
oppoſe forces are exe 9 riſe and depr th pin Band enger i will eus. OY 
at reſt, and the weight and power will balance Geh other. 


| Caſe 2. When the power- ate obliquely.: | 
Loet the weight A hang freely from one end of belle bn how it of io 


tion DA perpendicular to the arm of the balance x and let another weight as B, be hung at Fig. 1. 


5 * 9 4% Vogt | * 2 of % 1 2 
un, S eh . OH 9 


the other end E, in ſuch manner that its line of n EC, by paſſing over a-pulley at 
C, may be oblique to the arm of the balance. If the whole force of gravity in che weight 
P acting in the direction EC, be denoted by the line EC, it may be reſolved into two, forces 
denoted by EF and FC, acting in the directions of theſe lines; of which two forces, the 
| Latter only, which acts in the direction FC perpendicular to the arm of the balance, reſiſts Lot 
the force of gravity in the weight A, the other force FE acting in the direction of the line 
of the lever. Since, therefore, that part of the weight B which acts in oppoſition. to the 
weight A, is to the whole weight B, as FC to EC; it is maniſeſt, chat in order to make 
the weight B balance ce the weight A, it muſt exceed the weight AM, in the ſame ratio that 
the line EC exceeds the line FC. If from G the center of motion be let fall GH perpen- 
dicular to EC produced, that line will be the perpendicular diſtance of the direction E 
from G; and EG, equal to DG, the perpendicular diſtance of the direction DA: but the 
triangles EFC and EH G are ſimilar, conſequently (El. VI. 4.) as EC is. to CF. vo s EG _ 
to HG; but the ee e Fee bein B in therefore to A, aEG, 
| or DG, s HG. 1 en nds Mor Tak 0 : $5: Bi Sian, 205 (2-14 1 Ne ee to CHAS 


Scnor, It is evident that the iter the power is .increaſed by the two firſt L. 51552 


: lever, but not by che laſt. Tue former are adapted to produce a flow motion Le 1 
P af pa e en 1g 9 7 ti of the „ 


"> 


e - 
83 \ 6 
& LITE 


"> 
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Fee 4 falſe ee et Per are eee al > 
| the common balance, whoſe accuracy depends on its poſleffing the following properties: Th 
(i.) The arms muſt be equal in length and weight. (2) The' center of motion 'muſt be 
a little above, and directly over the center of gravity. * (3.) The points from which*the ©  - 


ſcales are ſuſpended ' ſhould be in a right line, paſſing through the. center of graxity ofthe 


beam. And (4.) ub har. the center of motion ſhould be as. little. an . a 4 


Sc. „ee e dere, r 


* ures 


poſſible. Sciflars, pincers, ſnu 
the pin which rivets them. 
b e ; , and rudders of 
fixed at one end doors moving on hinges, &c: ee 206 97 
To the third kind, we may refer the action of the muſcles of 


one end, and faiſed 9 n eee, c. 175 | 
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OF MECHANICS. von 11. 


165. XI. The Wheel and Axis, is a whed turning round together 
with its axis; the power is applied to the circumference of the wheel, 
and the weight to that of the axis, 7 means of cords. 74709 


PROP. LII. An equilibrium is produced in the 5 and axis, 


: when the weight is to the ene as | the Maar oberg wheel to the 


diameter of the axis. 


Let AB be the . DR et the. axis, W the weight, and p the 
power, ſuſpended from the points D and B. When the wheel has performed one revolution, 
the power P has drawn off as much cord from the wheel as is equal to its circumference, and 


- has therefore moved through a ſpace equal to that circumference. In the ſame time the 
weight W is raiſed through a ſpace equal to the circumference of the axis, upon which the 


cord, by which the weight is ſuſpended, is once turned round, Therefore the velocity of 
the power exceeds the velocity of the weight as much as the circumference, that is, the 
diameter of the wheel exceeds that of the axis. If then the weight exceeds the power as ; 


| much as the velocity of the power exceeds that of the weight, that is, as much as the 


diameter, or ſemidiameter of the wheel, AB, or CB, exceeds the diameter, or ſemidiameter 15 
of the axis, DE, or CE, the momenta will be equal, and the power and weight will balance 


each other. 
| Or thus; Tie 4xis and wheel is a fever of the Rt kind; is w s enter ef Adieu 


is in C, the center of the axis; the weight W, fuſtained by the rope DW, is applied at the 


« diſtance DC, the radius of the axis; and the power P, acting in the direction PB perpendi- 


cular to CB, the radius of the wheel, is applied at the diftance of that radius: therefore, 
Prop. LIE. there is an equilibrium, W 
roller to the radius of the wheel. 2 | 
Con. 1. Hence it is evident, he wha, or unh. 
ing that of the axis, a leſs power may ſuſtain a given weight. „ 
r The ices ofthe rep 6 which the weight abu ought nt 10 he 
Schorr. Io the e l, we may iet the ed tilts Ses Fe. A draw- 
ing and deſcription of a ſafe and truly excellent crane, invented by Mr. James White, may 


de ſeen in the CCW e and 


R 2 
Dez. XII. The Pulley i is a {mall wheel moveable about its axis by 


means of a cord which poll over it. | 
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ce . OF THE MECHANICAL POWERS. „ 


FRO. IIV. When the axis of the pulley is fixed, the pulley only „ 
* the direction of the power; if moveable pullies are uſed, an 
equilibrium is produced, where the power is to the weight as one to tho 
ne of * e to them: if es moveable Pulley has its own 


1 Ei RN the power ad weigh, In ould ik g- 5 | 
equal. But, if one end of the rope be fixed in B, and the other ſupported by the power P. f . 
it is evident, that in order to raiſe the weight W one foot, the power muſt riſe two; for | 3 
both the ropes, BC and CP, will be ſhortened, a foot each; whence the ſpace run over by 

the power will be double-of that bf the widght's A eee ee e e ich aadeltne 

1 to 2, their momenta will be equal: for the ſame reafon, if there be four ropes paſſing 13 5 

from the upper to the lower pullies, the velocity of the power will be quadruple to that of - e 
the weight, or as 4 to 1, &c. In all caſes, therefore, when the power is to the weight. 
as I to the number !:!!! ³ðù A EIT EA rt 

Or thus; Every moveable pulley hangs by two ropes equally fretcliad, which wall hw ie 5 

: equal parts of the weight ; and therefore when one and the ſame rope goes round ſeveral 

fixed and moveable pullies, ſince all its parts on each fide of the pullies are equally ſtretched, 

the whole weight muſt be divided equally amongſt all the ropes by which the moveable 

pullies hang; conſequently, nn,, I ON 9 II 

divided by that number of ropes, the power muſt ſuſtain-the weight, en on 
5 1 eh moneble pulley has is own cod the Sr, as appears ²˙— 0 VVV 
doubles the velocity of the power; and therefore if the power be. half of the weight, the a | | 5 
momenta will be equal, and the balance will be produced. In like manner, the ſecond _ 

pulley cauſes the weight to move with half the velocity with which it would move, if - PE 
ſuſpended from the firſt moveable pulley, O05, GO % ͤ 8 „1 ( 
of that of the weight; and fo of the reſt. . 9 
If in the ſolid block A, ed cut whoſh e Beete 5 
B other grooves be cut, whoſe radii are 2, 4, 6, 8, &c. and a ſtring be paſſed round theſe | : | 
grooves, the grooves will anſwer the purpoſe of ſo many diſtinct pullies, and every point „„ 
in each, moving with the velocity of the ſtring in contact with it, the whole friction will! 
be removed to the two centers of motion in the blocks A and B, aasee geg 7 | 
e ne eee James W Gt 3 et RE re Ol 


| PROP. LV. . cus pores <ndeniy akon. + 
each other, when the power is to the weight, as the fine of the inclina. 


tion of the plane is to the ſine of „ e 
r * 1 
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Plate 3. 


Fig. 7. 
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or MECHANICS;/i7 3 noorura 
| Lat x weight bb fugportsd on the. inclined plane CA by a power acting in any given 


f Ae PD. Let the whole force, whereby the weight would deſcend perpendicularly be 


repreſented by PB: and reſolving PB into two > forces, one of which, BD, is perpendicular 
to the plane CA, and the other, PD, is in the direction of the power; the force BD is 
deſtroyed by the re- action of the plane, and the force PD will be ſuſtained by an equal 
power, acting in the direction PD. T herefore, when there is an equilibrium, the power 
is. to the weight, as PD to PB; that is, as the ſine of the angle PBD, or (El. VI. * ) its 


' equal CAB, to the fine of the angle D. i 


When PD is in the direction of the plane, this ratio becomes that of CD cn or of 


the height of the plane CB, to CA its length. | 
When the direction of the power PD ene 29; 2266 ade PG planes Us „ 


Seeger weight becomes" that of ED. ne ns VI. 8. roma abt: 1 00 


height of the plane, to BA the baſe. | 
When the direction of the power bas with the e e BD, the 405 of the 5 


power to the weight becomes that of the ſine of a finite angle, to the ſine of an angle inde- 
- finitely diminiſhed. | From which it appears, that no finite power is ſufficient to ſupport a a 
ſhows nin nonbanan# Hroem pert pep mores reagh . 


1 


* 


Der. XIII. "The 1 is a cylinder 1 has either a prominent 
part, or a hollow line, paſſing round it in a ſpiral form, ſo inſerted in 
one of the oppoſite kind, that it may be raiſed or depreſſed at pleaſure, | 
with the Wu _ its opp, or ſuſpended beneath its s lower, Lurie. 


PROP. LVI. In the ſcrew FA equilibrium will be produced, when 


the power is to the weight, as the diſtance between two contiguous 
threads, in a direction parallel to the axis of the ſcrew, to the circum- 
ference of the circle deſcribed by the power in one revolution. 


While the ſcrew. is made to perform one revolution, eee eee 
as raiſed up an inclined plane cg, whoſe height ep is the interval between two contiguous | 
| ſpirals, whoſe baſe pg is the periphery. of the cylinder, and whoſe length 49 is the ſpiral line, | 
by a power acting parallel to the baſe of the plane: for ſuch an inclined plane, involved 
about a cylinder, will form the ſpiral line of the ſcrew. . A power at p, acting parallel to 


the baſe, is in equilibrio with the weight W to be raiſed, when the power is tothe weight, 5 . 


1 to the baſe; or, in this caſe as pc, the interval between 
the ſpirals, to the circumference deſcribed by p: but a power applied at P, which is to that 

applied at 5, as the circumference deſcribed by p, to the circumference deſeribed by P, has 

thy lane effect; thergfore there is an equilibrium, when the power applied at P is to tb 


— 
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rr OOE pink tothe cunts. 
mri en , 1 
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4 Der XIV. The mae is compa of vr ined fue. whoſe. 46s e 
| baſes are joined. „ 1 1 55 96 1 55 15 


_ © PROP. LVII. When this fftios 99 5 the: power which Ms: 
on the wedge, are in equilibrio, the weight will be to the power, as the 
height of the wedge to a line, drawn from the middle of the baſe to 
one fide, and nn; to the ee in eee 11 1 enn ach on 
„„ þ 


Lot is ele Cs, ADCs A BAC, whoſe pn Oh 
fides are the Ends AB and CB, and whoſe height is the line BP, which biſects the vertical * 
angle ABC, and alſo the baſe perpendicularly in P. Let E and F repreſent two bodies, or 
two reſiſting. We, e of the wwe Fee eee eee „ 5 
pendicularly, then will Ep and FP (El. I. 5. e equal: Joy the brats „F 

ENFP be completed; its diagonals PN and EF will biſe& each other perpefidicularly in II. 
Now when theſe forces (which act perpendicularly'on the ſides and baſe of the wedge] re . 
in cquilibrio, they will be to each other (Prop. XIV.] as the fides and djagonal of this © = | 
parallelogram, that is, the ſum of the reſiſting forces. will be to the power P, as the fides SITE Li TE ESL or 
EP and FP to the diagonal PN, or as one fide EP to balf. the diagonal PH, that is (from 1 3 
the ſimilarity. of the right-angled triangles BEP, EHP) as BP, the height of the wedge, to VVV 
EP the line which is drawn from the middle of the baſe to the fide AB, and: is the direction „ 
in which the reſiſting force;aQts on that fide. e 
F From the demonſtration of this caſe, in which the rfiſing frees alt perpendicularly on VVV 
245 the ſides of the wedge, it appears that the reſiſtance i is to the power which ſuſtains it, 9 F 
| ſide of the wedge AB is to the half of its breadth AP; becauſe AP is to AF, (EL VI. 8) . | „ 
e, 8 VV 

It appears allo from hence, that i& PN. le ss ib e u UA We Re ꝓuö oi RR 

P adds on the wedge, the lines PE and PF which are perpendicular to the fides, will denote RI „ 
; the force with which aer ri pi 5 enen wenne „ 
binnen the wedge. * rey kei r 
Let us now ſuppoſe; | e ee a tee dee l Badan 
. Oe in dizeRtions: parallel 40 the" lines DP” and OP, - which ae. equally: inatited 69; 
| ſides, and meet in the point P. Draw tha lines EQ and EK 'perpendiculat o DF and: | „wn 
Of; then making EN denote the force y e „ %%% 
7 een e ee 12 . 
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ld BIR of oe wege as was obſerved before ; now each of theſe forces may 
| be reſolved into two, denoted reſpectively by the lines PG and GE, PK and KF, of which 
GE and KF will be loſt, as they act in directions perpendicular to thoſe of the reſiſting 
bodies; and PG and PK will denote the farces by which the power P oppoſes the reſifting 
bodies, by protruding them in directions contrary to thoſe,in which they a& en- the wedge z 
therefore when the reſiſting forces are in equilibrio with the power P, the former muſt be 
© tothe latter, as the ſum of the lines PG and PK is to PN, or as PG is to PH. But 
(El. VI. 4.) PG is to PE, as PE to PD; and PH is to PE, as PE to PB: whence (El. VI 
156.) both the rectangle PG x PD, and the rectangle PH x PB, are equal to the ſquare of 
PE; theſe rectangles are therefore equal to one another: whence their Tides (El. VI. 14.) 
are reciprocally proportional, that is, PG is to PH, as PB co PD. Whence it follows 
from what was ſhewn above, that, in equilibrio, the reſiſting forces are to the power, as 
PB to PD; that is, as the height of the wedge to the line drawn from the middle of the 
| 'bafe to one ſide of the wedge, and parallel to the direQtion in which the —_— t 


on that fille. 


From what has been demonſtrated, e Wadios her: pepe 6 
reſiftance it ĩs able to ſuſtain in all the caſes in which the wedge is applied. Firſt, when in 
Cleaving timber the wedge fills the cleft, then the reſiſtance of the timber acts perpendicu · 
larly on the fides of the wedge, therefore in this caſe, when the power which drives the 
wedge, is to the coheſive force of the timber, eee e e eee enen 
the power and refiftance will be in equilibrio. 
Secondly; When the wedge does ol lids fr ch; rh ene es, 
cauſe the wood ſplits to Tome diſtance before the wedge. Let ELF repreſent a cleft into 
which the wedge ABC is partly driven; as the reſiſting force of the timber muſt act on the 
welge in direfions perpendicular to the ſides of the cleft, draw the line PD in a direction 
perpendicular to EL the fide of the cleft, and meeting the fide of the wedge in D; then 
the power driving the wedge and the reſiſtance of the timber, php e epochs 
| FCFCCCCCCCCCCCCCCC egrs cne ef enk-tg 49 . 


—. „„ : __ 


horizontal plane, for inftance, two blocks of ſtone ; as theſe bodies muſt recede from each 
other in horizontal directions, their reſiſtance muſt.a& on the wedge in lines parallel to its 
baſe CA; therefore the power which drives the wedge, will balance the reſiſtance when 


they are to each other as PA, half the breadth of the wedge, to PB its height. 


Scho. 1. Since in all the mechanical powers, an ad aha 
powers to the weight as'the velocity of the oight is to the velocity of the power, in all 
compound machines there will be an equilibrium, hen the ſum of the is 47 AY yo 
OO n e, N Ages Hens m eee bee of: he ere 


Senor, 2. In the theory of the mechanical powers, we ſuppoſe all planes and dolles 


E facock; levers to have no weight; cords to be perſeciiy pliable, and the parts of 
5 machines 


enav. v. OP THE MECHANICAL POWERS, | 


 ncekicns £6 have no ie in (See Schol. 3.) Allowances, webe d be n . ths; 15 
difference between theory and practice. Mr. Ferguſon obſerves, that there are but few com- 


pound machines, but what, on account of friction, will require a third part more to Work 


them, when loaded, CO een eee el TT Ee 


: EIN, 


"Exe. 1. 2 B, C. he's compound lever, LS 6 inche iſt offi». 


which, A, the velocity of the weight is to that of the power, as I to 5; in the ſecond, B, 
as I to 4 in the third, C, as 1 to 6. The velocity of the weight will-be to that of the 
power, a5 1 10 5X4 Kb. $190) en nene ON 0 520 
balance each other. 


2. Let GC and LF be levers fixed to the fupporters RA, SE, and let their tharter ape «5: 


be kept in equilibrio with the longer reſpectively by the weights fixed at G and L. Let 


NH be à bar ſcrewed to the fixed parts to keep them ſteady. If the power C be ten times 


farther from A the prop, than the weight P, they will be in equilibrio when the power C 
is to the weight P, as 1 to 10. In like manner, the diſtance ME being ten times DE, if 
the power Mie 2 of I OOO nnn n. 
M, 1, will balance P, roo. _ 
3 Eadie motels e un hun of dsa compound ona, „ alle , te 
pile-driver, &c. 25s 

Schrot. 3. The inequality e A: 
tion, called friction, which prevents the accurate agreement of many experiments in me- 
chanics with theory. On this ſubje& the very accurate experiments of Mr. Vince ſhould 
be conſulted, the object of which was, to determine, (1.) Whether friction be an uniformly 
retarding force. (2.) The quantity of friction. (3.) Whether friction varies in propor- 
tion to the preſſure or weight. And (4.) whether the friction be the ſame, on whichever 
of its ſurfaces a body moves. After a great variety of experiments made with the utmoſt 
care and attention, Me: Yes ee e N OR 


- as eſtabliſhed facts. 


. Tha Edda le gin owning fires: In % had on BANE es eG 
| by the yelociy z except when he body is covered wich woallen cloth, and in thus cas 
the friction increaſes a little with the velo £ 
11. Fridtion increaſes in a.lef ratio than the weight, of the. body, being Gen in n 
Fe e It is not yet ſufficiently e ee e e e e 
| creaſe of friction bears to the increaſe of weight, + . 0 
—— the lt ion th wright being th un But the 


| gfe of the We eee ee FR ATE be . 
CO nee e Vol. ET, Phil. Trang e 15 
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Plate 3. 
Fig. 10, 
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Sega 4 Lags mmm aa eee A wheel 
turns round upon its axis, becauſe the ſeveral points of its circumference are retarded in 
ſueceſſion by attrition, whilſt the oppoſite points move freely. Large, wheels meet with 
leſs reſiſtance than ſmaller from external obſtacles, and from the friction of the axle, and are 


more eaſily drawn, having their axles level with the horſes. But in uneven, roads, ſmall | 


wheels are uſed, that in aſcents the action of the horſe may be nearly parallel with the 


Plane of aſcent, and therefore may have the greateſt effect: ſmall wheels are alſo more con- 
| EY Jn. VVV 


char. vu. eee 
of Motion as produced by the _ 3 of proper — 
725 . e 
JJͤ ĩ “ùiIhV es 3224s + Of Projetliles. INE | e 


"PROP. LVI. Bodies thrown horizon or . have a chr. 


n e force alone, 
it will continue to move on uniformly in the right line AF, and would deſcribe equal parts 
of the line AF in equal times,” as AC, CD, DE, &c. But if, in any indefinitely {mall 
portion of time, in which the body would by the projectile ES IS it 
would, by the force of gravity, have fallen from A to G; by the compoſition of theſe 

forces (Prop. XVI.) it will, at the end of that time, be Sound in E, the oppolite angle of 


— parallelogram ACG. In two ſuch portions of time, whilſt it would have moved 
from A to D by che projectile force, it would (Prop. X XVI.) by gravitation fall through 


four times A, chat is, AM; and therefore, theſe forces being combined, it will be found 


at the end of that time in I, the oppoſite angle of the parallelogram DM. In. lixe manner, 


at the end of the third portion of time, it would by the projectile force be carried rough 
timee equal diviſions to E, and by the force of gtavitation over nine times AG-40 Ny, and N 


conſequently, by both theſe forces acting jointly, it will be carried to K, the oppoſite angle 


of the parallelogram EN. Therefore, the lines CH, Dl, EK, chat is, A8, XM. AN, 


which are to.each other as the numbers r A, AE, 
| that 


. 
% 


| cn. vn. |  OF-PROJI T 
that is, GH, MI, NK, which are as 1, 2, 3. And bocauſ the gn of yiukitation is con- 
etal, the body ly paſting from X's f. dee. 1 drawn out of the. right line in ; 
duns A H, I and K, eee eee Ke let fall from points, EB Ne hobo 
equally diftant from A in the line AB meet the curve. "Therefore the body moves in Ra 223 
parabola, the property of which is, (Simſon's Conic Sections, Book I. Prop. XII. Cor.) that. i 
] the abſciſſa "AG, AM, AN, are to each other as the ſquares of the ordinates GH, P 


” «+ Ruxtkn.,/ | Vory'deaſe bodies moving with Hsil 'velocities deſexive the paribdlic tak 

ſo nearly, that any deviation is ſcarcely diſcoyerable ; but with very conſiderable velocities s 
5 the reſiſtance of the air will cauſe the body projected to deſcribe a path. aliogether differen- 7 5 „ 

| from a parabola, which will not appear ſurpriſing when it is: known that. the refiftance , 
the air to a cannon ball of two pounds weight, with the x velocity of 2000 feet per ſecand,. is. 7 8 
nan thus ä 6 06 Re I Seo Fiatton's ee F 


* 


i e 8 8 x Sf We of © Yum” * x 
PROP. LAX. The path Which" a ody "thrown Pert pendic | up- 
wards deſcribes j in -rifing and falling is a "parabola, ©, 9 N Re” „ 
Ae bee e ee, of the earth (here . 
ſuppoſed) round its axis, this motion which it has With the earth will not be deſtroyed by 5 
throwing if in a direction perpendicular to the ſurface” of the earth. After the projection, 
therefore, the ſtone will be moved by two forces, one horizontal, che other” perpendicular, 
and will riſe in a direction which may be ſhewn,, as in the laſt p on, to be the parabolic 
curve; in which it will continue till it reaches the higheſt point, from whence ir might be 
enen bt a mer OO” 5 
FRO. Lx. The werd with which a body ought to be projected | DB 
to make it deſcribe a given parabola, is ſuch as it would acquire by falling 
- through a ſpace qual to the fourth part of the parameter W 7 Ag 5 
that poine of he parabola fen oe i . bes 10 W e „ 


1 eee it would CS i gre ew Am 


| And the velocity acquired in falling from A 65 N (by Prop; X NV . ) . eh an ine ſama; | q: 
time by an uniform motion would carry the body through a ſpace double of AN. There. 


fore the velocity which is acquired by the body in falling to N is to die wich which be 
body is projected at A, and uniformly carried forwards to E, avitwice M ie tee AD; Be — «© 
TTT. pg „ 


+ YZ 4 FN 
"LP FS + * 
N 4 
* 
4% © 2.90. 
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— ABS. And becauſe the velocities acquired by falling bodies are (by Prop. 
XXVI. Cor. 1.) as the ſquare roots of the ſpaces they fall through, fp oppor 
| FFT 6 the veldey aquired Jn ling chong ge or one 


fourth part of the parameter of A, as the ſquare root of AN to the ſquare root r, 


that is, as „ AN to AN- or AN to JAE, or twice AN to AE. Therefore the 


velocity acquired by a body in falling from A to N has the ſame ratio to the velocity with 
which the body is projected or the line AE deſcribtd, and to the velocity acquired by a 
r TT pics of ths. Sermon Belotging e conſe- 
quently (El. V. 11.) theſe velocities are equal. "4 


Plate 3. Cor. Henoe may be determined the direion in which »projcile rom a given point 
5 with a given velocity, muſt be thrown to ſtrike an object in a given ſituation. 
ee to be thrown, and K the feste of the © - 
. object. Raiſe AB perpendicular to the plane of the horizon, and equal to four times 
the height from which a body muſt fall to acquire the given velocity. Biſect AB in Gd 
through G draw HG perpendicular to AB : at the point A raiſe AC perpendicular to AK, 
and meeting HG in C: on C as a center with the radius CA deſcribe the circle ABD; and 
OE NR e Jas BEL properglenler to the plane ee 
the circle ABD in the points E and I. AE, or Al, will be the direction required. 

For, drawing BI, BE, ſince AK is a tangent to the circle, and BA, IK, eee eee 
each other, the angle ABE (El. III. 32.) is equal to the angle EAK; and the alternate 
angles BAE, AEK, are equal: therefore the triangles ABE, AEK, are ſimilar; and AB is 
to AE, as AE t EK. Therefore AB x EK = AE*; and AB = Tr” In like manner, 
eee BAL, KAL, being ire, BA is qual to , Since, then; AB is equal . 
Hour times the height rom which « body muſt ll to eine the velocity with which it is 


to be thrown; 1 (or E its equal) is the fame, Conlequeutly (by this Props) the 
point K will be in the parabola which the body will deſcribe, which is thrown with "the 
000000 rebrwrmrers Jay. 16-Lqmemrhent oi - 


seno. If-the velocity with which a projectile is thrown be required, i any: ho 

mined from experiments in the following manner.” By the help of a pendulum, or any other 

daa chronometer, let the time of the perpendicular flight be taken; then, ſince the times 
of the aſcent and deſcent are equal, the time of the deſcent myſt be equal to one half of the: 
V enn Ne 


% 


ol elevation. 


5 Let body bs thieves dees un err ab Wb ae, 2] 
acquire by falling perpendicularly through AB; if ee l . 


en or PROJEETILES. 
0 


through which bodies deſcend are as the ſquares-of the times; if we ſay, as one ſecond is to 
156. 1 feet, ſo is the ſquare of the number of ſeconds which expreſs the time of the deſcent. 
of the projectile, to a fourth proportional, we ſhall have the number of feet through which - 
the projectile fell, which being doubled, will give us the number of feet which the projec- 
tile would deſcribe in the ſame time with that of the fall, ſuppoſing it moved with an 
uniform velocity, equal to that which it acquired by the end of the fall; which laſt found 


number of feet, being divided by the number of ſeconds which expreſs the time of the 


projectile's deſcent, will give a quotient, expreſſing the number of feet, through which the 


projectile would move in one ſecond of time with a velocity equal to that which it acquired 


in its deſcent, which velocity is equal to the v r ED 


up; e ee W e 1 


PROp. LXI. The 1 of the is ea a "projectile in "of 


been points of is parabola, are as the parameters belonging e thoſs SI 


ee 


For (by he laſt Prop,) EE ee Ine 


the velocities. acquired in falling through the fourth parts of the parameters of the points. 


Therefore the ſquares. of theſe velocities being (by Prop. XVI.) as the ſpaces deſcribed, 2 ; 


the ſquares of the velocities in the ſeveral points of the parabola arg as the fourth parts. of 
the parameters of thoſe points: but the whole parameters are as their fourth parts: therefore 
Na yon! you un eee eee 


thoſe p. N 2 
4 43 5 AE 


Cor. | Henee, cuties ee Meer wa es a 1 


| a projectile will ftrike a mark as forcibly at the end as at the beginning of its courſe, if the 


two points be equally diſtant from the principal vertex: e on poets Au LEI 


eee nenen 


* ns 


1 PROP. LXII. \ Win e u ee e e e 
city, if the ſpace through which it muſt have fallem perpendicularly to 
acquire that velocity is made the diameter of a circle, the height to 
which anni nee the * ſine of _— Wy 
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Let IE be a right line drawn in the plane of the horizan, touching the eifele in B, and 
n BE, which is the direction in which: the body is thrown, the angle 
IBE, or angle of elevation. Becauſe IL touches the cirele, and EB drawn in the circle 
meets ĩt in the point of contact (EI. III. 3a.) che angle EBL is equal to the angle EABG 


And ECB is double of EAB, (El. III. 20.) therefore ECB is double: of EBL, che angle-o 


elevation. ' And D is the verſed ſine of ECB, that is, of double the angle of elevation. : 
Let BE repreſent the velocity with which the body is thrown. Then ugs dus valoaity 
baby ſuppoſition, ſueh as might be acquired by falling down AB, eee 
perpendicularly upwards with the ſame velocity BE, it would tiſe to the height BA. Let 
the ublique motion BE be reſolved into two others, one in the direction BD perpendicular 
10 che hotis on, und the other in the direction DE parallel to it: then the aſcending velo- 
city will be to the horizontal velocity, as BD to DE, and to the whole velocity, as BD: 


to BE. But the part of the velocity BD is the only part which is employed in raiſing the 
body, ſince the other part DE is parallel to the plane of the horizon. Now, the height 
of à body aſcending perperidicularly with the whole velocity BE, will be to the height 


when it aſcends with the part BD (compare Prop. XXVI. and Prop. XXV III.) as che 
ſquare of BE to the ſquare of BD. But becauſe (El. VI. 8.) the triangle EDB is ſimilar 


to the triangle AEB, BD is to EB, as EB is to BA; and BD, BE, BA, being continued 


proportionals, BD is to BA, as the ſquare of BD is to the ſquare of BE. And the perpen- 
dicular heights to which the velocities BE and BD will make the body aſcend have been 


Meyn to be as che ſquare of BE to the ſquare of BD; the heights are therefore as BA to 
BD. Since therefore the firſt velocity BE would make the body aſcend through BA, the 
other velocity BD, which is the part of the whole velocity which acts to make the body 


thrown in the direction DE to aſcend, will carry it to the height BD; which is the verſed 
OT x mo TROY GY OE other pea bed 


the body, as BF, or 58. JJ elt ue 


Dr. XV. The Random of a projet is the horizontal diſtanoe e | 
which a heavy body is thrown. Ms | 


PROP. LXIII. When a dd is thrown obliquely with. a given 
velocity, if the ſpace through which it muſt have fallen perpendicularly: 
to acquire that velocity is made the diameter of a circle, the random will 


be equal to four times the fine of double the angle of elevation. 


If EBI be the angle of elevation, and ECB double that angle, DE will be the ſine of 
double the angle of elevation. Let a body be thnomn from the point B in the direction 


f BE, with the velocity which it would acquire in falling through ny POOR 


A is eats fur corre hs xt N67 


i 


cn. viI. or DR * ne TI LES.” 


For, ſince (as in eee BE being reſolved in BD, DE [ade 
velocity is BD, and the horizontal DE, if theſp two velocities were to continue uniform, - 
the ſpaces deſcribed in equal times (Prop. V.) would be as the velocities, and in the ſame 
time in which the body by che aſcending, velocity would riſe through BD, by the borizantal _ 
yelocity it would be carried forwards h DE. . Of theſe velocities, the borizental ons: | 
DE is uniform, becauſe the force of gravity can neither accelerate ngr retard a motion in 
this direction; but the aſcending velocity is uniformly retarded ; and therefore the body | 


(compare Prop, XXIII. and XXVUL) will be twice as long in aſcending to its greateſt *  . 
| height BD, as it would have. been if the frſt aſcending velocity bad continued- uniform. — 5 


bat on this ſuppoſition, the body would have, been carried through BD and DE in che ſame - 
time: therefore in double, the time, chat is, in, the time of aſcent through, BD wih as 
uniformly retarded. velocity, it would be carried forward. through twice DE.: conſequestly, 
in the times of deſcent and aſcent together it would move forwards through four times DE. 
Therefore a body thrown from B in the direction BE with ſuch a velocity as might be 


acquired by falling down AB, che . of a girc 7 fall. Reps ht 


times the line of double the angle of ole N 
i * Mat. 5 ABLE ; 
© PROP. LV. The tandem of. a | polite wilt be 4 greateſt 
patfible, with A E I FE ; b l , when the W 15 of e is an i 


5 A e degrees. W 


werke Fiete bdag ky 8 o e 155 
hay! or (Prop. XX'XV.) the diameter of the circle AB, is a given quantity: 2 
And im given circle the greateſt fine is the radius or fine of à right angle ; therefore Tour 
times the radius is greater than fonr times any other ſme; and conſequently, the random 
which is equal to four times the radius, {which, by Prop. LH, will be the caſe when the 
GOOD HY ET g or the: ng.” of elevation 3 oY 
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from pipe. f . 
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' PROP: LXV. The A of © ee whos velocityis given 
will be the ſame at two different. aleyati CCC 8 
forty-five degrees as the other i is below it. A 


If EBT be an angle r 30 dcgrtes, and GET an angle of 60 degree beck 


Rx GBI will excel baten e eee 


: * : 
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PROP. LXVI. The been mene of A e whoſe N 


is given, is double the height to which it would riſe if it were N F 


perpendicularly with the ſame velocity. 


If a body be projected in the direction BF, Un hs of eee 
velocity be equal to that which a body would acquire in falling down AB (by Prop. LXIV.) 
the random will be the greateſt poſſible, and will be equal to four times CF, or twice BA. | 
But the body caſt perpendicularly upwards with the ſame velocity would (by Prop. XXVIII.) 


riſe to che height BA. Therefore the greateſt random, with a given velocity, is double the 


„ rg zene aac ge edge” pr oma een would rife, - 


"PROP. LXVII. The randoms of projectiles,” whoſe denten, are 


given, are as the ſquares of their velocities. 


IF a body be thrown in any direction BE, its random (Prop. L&I) des 
four times DE, or four times the fine of double the angle of elevation, in a circle whoſe 


diameter AB is the height from which the body muſt fall to acquire the velocity. with which 


it is projected. But the velocities being ſuppoſed variable, AB the diameter will be directly 
as the velocity; fince the greater velocity a body moves with, the greater ſpace it will 
fall through in a given time. And becauſe, in the triangle EDC the angle at D being a 
right angle is always invariable, and that the angle ECD, which is double of EAD, that 

is (EL III. 32.) of the given angle of elevation EBI, is given, the triangle ECD in every 5 


variation! of AB, is always equiangular and ſimilar to itſelf, and ED is always as EC: but 


EC being a radius, is as AB: therefore ED, the fine of the given angle of elevation, is as 
AB the diameter. Conſequently four times the fine ED, that is, the random is as AB, 
But the height AB from which a body muſt fall to acquire any velocity, is (by Prop. — | 
-s the ſquare of that velocity. EEC 5 
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- PROP. EFV 


towards any point, l 4 IO ONE 


4 | 
Let T be the center of the earth, and GDEI its ſurface. Lins binds he edit in ee» XV! 
| direRtion, GH, which does not paſs within the ſurface of the earth. The projedtile res, '+ 1255 
together with the force of gravity, will make it deſcribe a curve, which, as the projectile „ 
force is increaſed, will recede farther from the perpendicular GE, as GB, GC, GD. It is 
manifeſt that the projectile force may be increaſed, ill th body den paſs bepond the dre. 
CDKE, and move in the path GML, GNV, or ſome larger curve, - © toe 
Fuß; Suppoſe the projectile force to be ſuch, that the body” will de canta is hs; | 
circle GN, it will continue in the curve of that circle till it returns to G. For, when a © 
body moves in the circumference of a circle, (as in Fig. 15.) the projectile force, acting in 
a line which is a tangent to the circle, as GB, acts (El. III. 18.) in a direction which is Piste 3. 25 
perpendicular to the direction BA, in which it is impelled towards the center. And fins eee 
if the force which impels the body towards the center ceaſed to act in any point, as C, the 
body would move forwards in the right line CF, the projectile force in every point of the „„ 
circumference, acts in a direction perpendicular to the force of gravitation: conſequently, 
theſe two forces remaining the ſame, and acting always in the ſame direction with teſpect . 
to each other, the velocity of the body muſt remain the ſame : whence, at the point , it Fig. 14 ¼ 1 
; will have the fame power to recede from the center as at G; and, retaining this power ; „ 
8 c 
arrive at G, and will continue to revolve in the circle. 
| Next; let Se body be projected from G with a force greater than chat which. is required: © 
to carry it round in the circumference of the circle MV; and let the curve in Which it, 3 
moves be an ellipſe, having the earth in its remoter focus. Becauſe the force of projection, | 
as the body proceeds in the firſt half of its orbit, acts in the direction of a tangent to the RE, RT - 
curve,  whilft the force of gravitation acts in the direction of a right line from the body to 
the center of the earth, the directions of theſe two forces make an acute angle with one 
another, and conſequently, through this part of the courſe of the body, the force of gravia _ 4 
tation conſpiring with the force of projection, the velocity of the body muſt be increaſed, „ 
and at the ſame time it muſt be continually drawn downwards towards the earth. At the. JT 
point in which the forces act in directions perpendicular to each other, the ſose of gravita- a 
tion does not conſpire with that of projection to bring the body towards the earth: and! _ 
afterwards, in the latter half of its courſe, the directions of the forces making an obiüſe | 
angle with each other, the force of gravitation is oppoſed by that of projection in the fame „„ 
degree in which the former was before aided by the latter; and therefore the body in paſſing - 
towards G will fly off from the earth or riſe, as much as it before approached to the earth” 
or deſcended, and thus will return to the point G with the fame velocity with which it fer 
out at firſt, having loſt as much velocity by receding from. the earth in the Later part of l 
| courſe, as it had gained by falling towards the earth in the former part. Hy 
| Laſtly; Let the body be projetied from G with a force” which is ies than, ſulfilent to._ „„ 
carry it round in the circle GV and let it perform its revolutions in an elliptie curve, VV 
; , Dobro to e „ 
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having the earth in Tk nearer focus : the effect will be the fame as in the laſt caſe, except 
that the projectile will oppoſe the force of gravitation in the fr ff half of the revolu- 


tion, and conſpire with it in the latter. 


Exe, Let a ball revolve round the central point of a Whirling Table. Concerning 
| the conſtrutin and uſe.of this aching; foe TOR TINT LeR. II. ; 


PROP. LXIX. A body revolving in an orbit, EY WI in every 
point of its courſe to fly off from the center in a mal line which | is a 
tangent to the orbit. | Ep | i % ate 2 3 k 4155 


Let BCDL be a circle in which a body is revolving: Then & in tec ax te bake B, 
let the force which impels it towards the center be withdrawn, and the body (by Prop. I.) 
would fly off from the point B in the direction BG; in like manner at C, it would fly off 
in the right line CF ; at D, in DH; and at L, in LH. The fame is manifeſtly true in an 
elliptical orbit. Now the ſame force with which it would fly off, if no other cauſe pre- 


vented it, muſt make it endeavour to fly off in the ſame manner in every point of the orbit. 


Exr. Whilſt 2 ball is revolving on a whirling table, if the cord which retains it, be 


r e ne en 


which it moved. 


Con. TVT 1 ark Son ta for every 
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Dxx. xvi. The force which ittipels a body cowards the gener, hin 


7 it reyolves jn an orbit, is called the centripetal force; that by which it 
endeavours to recede from the center, is called the eee force ; and 
| theſe two forces are called jointly, central forces. | 


Scuol. The projectile and centrifugal forces differ from each other, as the whole from 


| the part. The projectile force is that with which a. body. would move forwards in a 


tangent to its orbit, if there were no centripetal force to prevent it: the centrifugal force 
is that part of the projectile force which carries the body off from the center while it is 
deſcribing the tangent. Thus, if the body revolved in the orbit BD, the projectile force 
is that which would make it deſcribe the tangent BA, if the centripetal force were to ceaſe 
ating, But in the mean time, the whole force BA does not carry the body off from the 


center C: when it is arrived at A, it is farther from the center than it was at B, only by 


9 W when the whole is felolved 
into 
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- PROP: LXX. When bodies 9 in been, | 


the: centripetal and centrifugal” forces are equal. 2 


If a body revolve in the cirele BD, in the time in which it ed a Gs arc BN, it Plat 3. 


will have been impelled towards the center through the ſpace AN; for, 14 the projectile 1 


force alone it would have been carried from B to A. The line AN is then the ſpace 
deſeribed by means of the centripetal force, and this force is proportional to AN. But if, 


when the body was at B, no centripetal force had acted upon it, inſtegd of deſcribing. the 


arc BN, it would have moved along the tangent BA, and the line NA would have been 
the ſpace through which it would Wee the center: therefore the centrifugal 
force is proportional to NA. Both theſs forces being. then P portion: 


my 4 — 4 . n 2 
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ue 70 257 ratios of | nate ati"; in an os $2 time, 1 


| ' continually to equality, and, befare the, end of that tine, — N 


to each other than ly an giuen difference, become. ulumarec egi 
If you deny it, let them be ultimately unequal; and let their ultimate aiſerence bs D. 


'to the fume line 


Pheralote they Canet appronch Seer a e tal WB given difference 5 which 


is contrary to the ſuppoſition.” If a ffraight and à curve lige, continually diminiſhings 
perpetually approath towards equality, and at the end of any. ite time would vaniſh 
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| together, e rem e 1 
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LENI. W Vn any figure AacE, terminatel by the. right lints Ae ms 


AE, and tbe curve acE, there are inſcribed any number of 5 
Ab, Bc, Cd, &c. contained under equal baſes AB, BC, CD, Sc. and die | 


Plate 
Fig. 1 


Ade, Bb, Co, Du, Sc. parallel to Au the fide of the figure; and Jide paralle= 


lograms aK bl, bLem,' Man, Gr, are completed* then, if the breadth" of thefe 
 parallelograms be diminiſhed, and. their number augmented continually, * the 


ultimate ratios, which the inſcribed figure, AK4LeMAdD... the A 


figure AalbmendoE, an the aulit vo N Wat 40 you * 
ore ratios wo N he Ba rw 3 Hf: 
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For the diffirence of the inſcribed and circumſcribed figure is the ſum of the-parallelo- 
grams KJ}, La, Mn, Do, that is (becauſe of the equality of all their baſes) the rectangle under 
ene of their baſes Kö, and the ſum of their altitudes Aa; that is, the rectangle AB/z. 


Bur this reangle, becauſe its breadth AB is diminiſhed indefinitely, becomes lefs' than any: = 


93 e eee eee ee: 


Nes 1 ef Tei 1 . 
N 


ENI. m. 7%; * ultimate ratios are 5 0 ratios. _ RY wh, 1 


tbe. breadrhs AB. BC, CD, eie of the paralligrans ore unequal, 4 
are al diminiſhed indepnitcly. 1 15 47 5 ; 


For C and let the e Muy come... 
pleted. This will be greater than the difference of the inſcribed and circumſcribed bgures  . | 


WWW * 


rectangle. 
Con. .. ̃ . 7˙]¹ in every part 
with the curvilinear figure. Much more does the rectilinear figure, which is comprehended. 


undder the chords of the evaneſcent arcs ab, bc, cd, &c. ultimately coincide with the curvi- 


linear figure. As alſo the circumſcribed rectilinear figure, which is comprehended under 


: the tangents of the fame arcs. And therefore, theſe ultimate figures (as to _ Re MEER 


Py {SI mT aun t en Runs | „„ 


"PROP. IXI. The who: fa arbit in which a body: i alen 


though the line II, and grime: of the een ene 


5 the centripetal force is directed. 


TT ͤ ͤ ZA ee ed Ge 


which the centripetal force is directed; and AV the line of projection: the plane. of / the 
orbit will paſs through AV and 8; or the orbit lies in the fame plane, with the lines AV, 


Bd, &c. „ b hon poder rhe cn fog 6 


- center 8. 


| For, let ABCD repreſent a; pitt; of Ge bebt deſcribed bn a bey impelled POP 
The bly begining to more by tx projet force from A in the direction ABV, would, 
by chat ſorce alone, be carried on in that direction. Suppoſe the centripetal 
force to act upon it by ſeparate impulſes a : equal intervals of time, and thar; when the - 


Sada yl the proto 23s. ao hk EA es Fable Hou! he bot 


force, drawing it out of its courſe towards S, ſo that by the action of both forces together 
eee eee een 
„ ee en 
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nl; Vir. or CENTRAU FORCES. Ft :-- 
Ae ir l br At B, the f ecti 
Sorce in the direction BS. Let Re and BG, taken in the directions of theſe forces, repreſent - 
thGif ratib to each other, and the projectile force be to the centripetal as By to/BG.-: The 
body (by Prop. XIV.) eee ee 
BG ee fee. But (El. XI. 1 /and'a, BC's in the fans place with Ae een ne thas 
i, with AV, the line of pwiektion, and wien BS, ig which-is:che center or ee e 1 


fame may be proved coriernitg the lines. CD, and BE. Aud if che Were e 
1 and et by na AB, BC, te. will be diminiſhes 
| | ipdefinjzely, and the vitimate perimecer, ADF, (h Lem. TH. Core). will eqn x lice, . 


vrhich, from what hath been ſhewn, mul} be; always in the fame e 


* 2 2 * 5 1 4 . 
A erg? 5 56 is 50 173 Y N >, 5 1 i” 


N omaha e 0 815 1 8 ELLE tt Art. 2 * 85 + 2 W . 4. 5 * * 


- PROP. LxXII evolvir in an orbit deſcribes, W e 
pr to the Sod ee which the centripetal: force acts, equal areas 
in en times, and in une qual times arcas'P oportional to the times. 
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24a ABCD: be ;paor of ian g bee by: 4 body which eee eee 
towards which it is impelled by a centripetal force. If this force be ſuppoſed to att bn 


the body by ſeparate impulſes, as at B, C, D, when the body receives the impulſe at B, it 
will be drawn out of its courſe towards 8, and (hy Prep; XIV.) will deſcribe the diagonal 
BC in the ſame. time in which, the projectile , r 
Aſter equal intervals, the fame will-take place at. C, and at D). 
Since AB, BC, &c. ate the lines deſcribed in equal times by the body the areas deſcribed 
round 8 by a radius drawn from, the body to 8, are ASB, , BSC, &c. Now. AB, Be, 
eupreſſing ſpaces. paſſed over in equal times by the uniform motion of the body acted upon 
by the projectile force alone, are equal baſes. of the triangles ASB, BSc, which, being 
| ed by the faine” point 8, are of the fame altitude: "theſe triangles are therefore - 
(El. I. 38.) equal. And, becauſe the body at B, is by the joint action of the projectile am 
centripetal forces, carried forwards, in che diagonal BC, of the parallelogram Ge, the oppoſite - 
ſides thereof, GB, Ce, are parallel; and Ce is parallel to BS. But BS is the common baſe - 
of the two triangles BSC, BSc. Therefore theſe triangles, being upon the ſame baſe, and 
between the ſame parallels, (EI. I. 37.) are equal. Conſequently, ASB, "which "136, IM 
proved equal to BS, is likewiſe <qual to BSC; chat is, the areas deſcribed in equal times 
ate equal. And, by compoſition; any ſums of theſe aas ASC, ASE, are to each other as. 
Gs times ib which cher are deſcribed; that is, univerſally, the areas are. as the times. 
Let the number of theſe triangles be augmented, and their; breadth diminiſhed. iter, 
"od ey a. 5. Kor \: their wibioiits heckindhee: Wilk, be a curve line; and therefore the 
 ceatripetal force will act continually.z and, the mee maren EN being applicable © hoſe 
xiar mn mannes 
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Cor. 1. The "OR of a body revolving freely about an immoveable center js inverſely 
as a perpendicular let fall from that center on 2 right line that touches the orbit. For 50 


the lines AB, BC, are deſcribed in equal times, the velocities, will be as theſe lines, whi 


being (by this Pe.) the bafes of equal triangles, - muſt be inverſely a as the heights. of 
triangles ; therefore the velocities are inverſely as theſe heights, which are meaſured: by 


- perpendiculars let fall from the common vertex, the center 8, to the baſes, „ bus pe 
| duced, that is, when AB, BC, &c. are indefinitely ſmall, to a tangent to the orhjt. 


Con. 2. If the chords AB, BC, of two arcs ſucceſſively deſcribed in equal des y 
the lame body moving freely, are completed into a parallelogram ABCG, and the diagonal 
BG, in the poſition which it ultimately acquires when theſe arcs are diminiſhed indefinitely, 


be produced towards S, it will paſs through 8, the center 4 for BG 


is an indefinitely ſmall part of the radius SB. i 
Con. z. AB, BC, and DE, EF, of ares deſcribed . 


parallelograms ABCG, DEFZ; the: centripetal forecs at B ad E wil be e each other in 
the ultimate ratio of the diagonals BG, EZ, when thoſe arcs are indefinitely diminiſhed. 


For, the motions of the body, BC, EF, (by Prop. XVI.) are compounded of the motions 


B., BG, and Ef, EZ; but BG and EZ. are equal to Cc and Ey which, as appears from 
| this propoſition, are generated by e . har rote and are 


Con. 4 The forces with which bodies are drawn into coin inear abe are 68 each 
other as the verſed fines, 8B, ZE, of the indefinitely ſmall ares AC, DF, deſcribed i in 
equal times, which verſed ſines converge to the center 8, and biſect the chords 3 * thoſe 
arcs are diminiſhed indefinitely : for ſuch verſed fines are half the diagonals of = parallelo- 
gran, Hs ts eee FD. 88 


PROP. LXXIII. When 2 body Ae = areas in 3 times 


Tr o 


- about an immoveablc point, or proportional areas in unequal times, it is 


pes n er that 3 25 by _ Winne ee which retains it in 
its orbit. 3 „ 
1 BC, os bo Nauk dadeatbet by the e ly in wad; ata 


be proved as before, that the triangles ASB, and BSc; being of the fame height, and having 
equal baſes AB, Br, are equal. But, by ſuppoſition, (AASB, BSC, are equal; therefore BSc 


and BSC are equal. And theſe equal triangles, being upon the fame baſe SB, (EL I. 39.) © 
are between the fame parallels; therefore Cc and BS are parallel. Becauſe the body at B is 
| acted upon by two forces, the projectile force in the line Be, and the centripetal force, and, 
by ſuppoſition, theſe two forces together make it deſcribe BC; BC is the diagonal of a 


parallelogram of which Bc is one fide, and the direction of the centripetal force at B is in 


CHAP, VII. 4 CENTRAL FORCEs. „ | 5 Tr 
he bitur fide Now: in th# partir i cede and one of its fides Bc, 57 
Ce muſt be another; whenice the oppoſite fide, that is, the direction of the centripetal force; 
muſt be parallel to Ce: but Ce and BS have been proved to be parallel, when-equal areas 
are deſcribed in equal times about the point 8. Therefore, on this ſuppoſition, the body at 
B is acted upon by the centripetal force in the direction BS. The fame may be'ſhewn at 


evety other point C, D, &c. Therefore the centripetal force tends to that point round 
nenen Ä e 


LENI. IV. 1 any are ACB, of a finite. curvature, 15 Abreu UT: Plate 4. 
its chord AB, and a ftraight line AD produced both ways touch: the-arc in © 
the point A, the are, the chord, __ te rungen, in Wen ultimate TOY. 
fate, will be equal. . _ 


"Th dot e e 
| faite Gambier ; let BAC be the circle of the curvature ;, draw the line AC in that circle 
parallel to the ſubtenſe BD, and complete the triangle Bac. Becauſe the angle DAB 
(El. III. 32.) is equal to the angle ACB, and the alternate angles CAB, ABD, are equal, 4 
the triangles, CAB, DAB, are ſimilar. Hence, (EL VI. 4.) AB is to AD, as AC is to 
BE. The point B approaching continually to A, let BA become leſs than any aſſignable 
quantity; then the finite lines AC, BC, approach nearer to the ratio of equality, than by 
any given diſtance: therefore likewiſe AB, min . 
W ee een, r ee 199% Jo hs: 


5 r oy 
n 15515 74.5 
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"LEM. v. The mint or. forks Ale 77 the ant of. el 
in circles and in all curves e have a Hite FUTUNA. 15,48 + the fore 
of the. conterminotus ares 241 525 nt Al: i Na l i l ndett 5112 15 41 ot: Niete . 


Let AD, in the ſemicirele ADC, be the given arc, AB the tangent, and the 2 BAD Plate 3. 
the angle of contact. Draw BD, HG, parallel to AC the diameter; 3 theſe lines, ſubtending e 
the angle BAD, are called the ſubtenſes of the angle of contact. The arcs AD and 48, 

wing the common term or limit the point A, are called conterminous , " Draw the 
lines DC, GC. If theſe lines be conceived. ta turn round upon the point © as A center, fo. 
that the two points D. G, . chem the, two Perle, D. HG, may appr ach | 
A; it is manifeſt, that as theſe ſubtenſes come, nearer to A, they w will 7 8 and at c laſt. e 
Vill vaniſh in A. At che inſtant of cheir vaniſhing, BD will be | to HG, as ide ſquarg of oe 
the arc AT) is to the ſquate of the re AG. ORE 

Let ED. be drawn parallel to AB, and Fe: to 5 Then becauſe AB | U . 
the point A, and conſequenely (EL, nr. icular to the diamet Fo 21. which 5 
i parallel to AB is * 8 eee Y 
bf GER Fo | . — 
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OF MECHANITI CS. - BOOK x. 
to AC. And ADC, AGC(El. III. 31.) are right angles. Therefore (El. VI.8.) AED 


| is ſimilar to ADC, and AE is to AD, as AD to AC. Therefore (El. VI. 17.) the rectangle 


of. AE, AC, is equal to the ſquare of AD. But AE is equal to BD : therefore the rec 
. tangle BD, AC, is equal to the ſquare of AD. For the fame reaſon, the rectangle of HG, 
AC, is equal to the ſquare of the chord AG. Conſequently, the ſquare of the chord AD 
is to the ſquare of the chord AG, as the rectangle BD, AC, is to the rectangle HG, AC, 
that is (El. VI. 1.) as BD to HG. But (by Lem. IV.) the are AD and the chord AD, 
are ultimately in the ratio of equality, and alſo the arc AG and the chord AG. Therefore 
the ſquare of the arc AD is to the ſquare of the arc AG, at the inſtant in which they vaniſh, | 


:as BD to HG; „ eg i pate oat ara 8 0 of en is F 


the conterminous are. | 

en he 10.006 mother, - Ls 
MN, FG, be the ſubtenſes parallel to the diameter ; and AN, OG, two ſubtenſes parallel 
to each other, but not to the diameter. Becauſe BA is a tangent at the point B, BD 
(El. HI. 26.) is perpendicular to BA : ſince, therefore, MN and FG are parallel to BD, 
they are alſo perpendicular to BA, and the angles OFG, AMN, are equal. But becauſe. 
OG and AN are parallel by conſtruction, the angle FOG (El. I. 29.) is equal to the angle 
MAN. Therefore the triangles FGO, MNA, are funilar, and (El. VI. 4.) AN is to. 
OG, as MN is to FG. But it has been proved that MN is ultimately to FG, as the ſquares 
of the conterminous arcs: OR e e en ee e 
minous arcs BN, BW. 

Laſtly; Suppoe both AN and OG diele to ©, the center of the circle. In this caſe, 
each of theſe would be a ſemidiameter, continued from G and N reſpectively to the tangent 
BA. In their ultimate ſtate theſe lines AN, OG, muſt coincide in the point B, and in the 
ſame right line BC ; and therefore will become parallel, and will. be, from what ny; ben 


| ſhewn, ultimately as the ſquares of the conterminous arcs. 


f GC, DC, be beginning to move from A, they are in their naſcent fate ; nn 


5 manifeſt, that the ſubtenſes in this ſtate are the fame, and therefore have the ſame ratio, " 
 In.the evaneſcent tate. | 


Con. 1. Hence, becauſe the tangents AB, AH, 'the arcs, AD, AG, and their fines ED, 
FG, became ultimately equal (by Lem. IV.) to the chords' AD, AG, their , ao will 
be ultimately as the ſubtenſes BD, HG. * 

Cor. 2. Wi Tquares are 16 ultimately 25 thoſe verſel fines of the arcs, OY 
biſect the chords and converge to a given point. For by the ſecond cafe of this propolitiog | 
theſe verſed fines AE, AF, are as the ſubtenſes BD, HG, or AN, OG. 

Con. 3. Hence theſe verſed fines AE, AF, = ns es of the Re | 


| body deſcribes the arcs AD, AG, with given velocities. For the ſpaces AD, AG, deſcribed 


with given velocities, are as the times, and the ſquares of the ſpaces as the ſquares of the 
times; but (by laſt Cor.) the ſquares of theſe ſpaces are as the verſed fines AE, AF; therefors 
F 

„ ; ne 


2 


dn . ow CENTRAL FORCES. „„ 


EI. . b a e 
17 equal 60 the, ſpuare of the. contermingus are pie by the diameter. 
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| Ie has been ſhown, in the precoting Lemma, thar BD i is to AD, 2s LIEN 


Therefore BD multiplied into AC, eee the uae of AD, ant BD = Je 


Lem. IV. the arc AD is ultimately equal to the chord AD: 
et ven BD i lo pu ft we AD et oy he dam AG 


CCC bo Ate WAL > 

_ PROP! LXXIV. The otiittipetal bosch of bäcef ievelihii F 
ferent. circular orbits about the ſame center towards which they Hay are 
as the ſquares of 'the"arcs "deſcribed in the ſame time, Aided by” the 


1% , don dan de i 207 u 


i of the circles. L 6+ 16 4.45 MY 4. 29005, tefr io wank nl] 38 Wannen 


la d deter ois BN NIE, let bodies revolve about the center C, towards which rs. 
they tend. Les them in the ſame time deſcribe the indefinitely hel ares BG, RL." Thin "© . 


becauſe the projeRtile forces would carry them in the ſame time through the tangents BF, 
RH, nd the Ee ue which; e I., they have deen drawn from 
the tangents towards/ the center by the centripetal | force, are FG, HL the centripetal 


forces muſt be as FG and HL. And by (Lem. VI.) the evaneſcent, or ;paſoent;} fubtenie 


FG is equal to the ſquare of the are BG. divided by BD; and the evaneſcent, or naſcent, 
ſubtenſe HL is equal to.the ſquare of the arc RL divided by RE. Therefore the lubtenſe 
FG is to the ſubtenſe HL, as the ſquare of the arc BG divided by BD, or its half BC, is 
e Therefore the pentripeta 
forces, hon, fi app ie der 

divided by the radi . 4. 


* 


ee whatever ares 10 2 and RI. be taken, r 
:: for the naſcent arcs will be as the velocities; and any other arcs: BND, REE, 
Nee Vin be alto as the velocities ; therefore, the ares BND, RLE, 


are as the naſcent arcs BG, RL, and thei ſquares are likewiſe 5 or But the 
centriperal forces are as the ſquares of the naſcent ares BG, RL, divided. b the :radii: BC; 


RC;. eee Frans Ys; 3 of any other arcs, BND, RLE, divided b7 


the ne den eic, - |; ee] e 2) ona n 
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PRO. LXXV, The 12 8 forces of equ bodie 170 ving in 


£ #1 
_ circular orbits, ud the Solas ſquares of the yelocit ties di eckt An | e radii 
of the Leh , F 10 1 ad 1 e ING 5 15 7 
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are in the ſame ratio, that is, 3s the ſquares of the arcs | 


— 
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Becauſe arcs deſcribed in the ſame time are as the velocities, aal that ihe centeipetal 
forces are (by Prop. LXXIV.) as the ſquares of the arcs deſcribed in the ſame time divided 


by the radii, theſe forces are alſo as the ſquares of the velocities divided by the radii, that 


i, as the ſquares of the velocities direftly, and the radii of the orbits inverſely. 


Cor. Hence the centripetal forces of equal bodies, at equal diſtances from the 2 4 


| r TORR OCs 


en with Wie. the Dov. mark... 


PROP. LXXVI... The . "Diſk of 2 bodies 38 in 
equal circular orbits are inverſely as the ſquares of their periodical times. 
The circular orbits or ſpaces being equal, the times in which theſe are deſeribed, or the 
8 are (by Prop. V. inverſely as the yelocities ;, and therefore the ſquares of 
the periodical times are inverſely as the ſquares of the velocities, or the 1 of the velo- 
cities are inverſely as the ſquares of the periodical times : but (by Prop. XXV.) the cen- 
tripetal forces are as the ſquares of PAIN A AREA Pe 
ſquares of the periodical times. ar 56 { >ft | 1 
' PROP; LXXVII, The OE Re "UA af #3] bodies 3 8 
in unogoal circular onbit nn Laeken ae der, ep aue a8 * 
radii of the circle. 


n TR W e 2H Fi 
circular orbit RLE. MEE OR TT: | 
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3 time: 3 e 1 e 


forces will be as the ſquares of the fimilay ares BN, RL, divided by the radii BE, RC, 


5 * R- den becauſe irmilar arcs ae e cen othr as the enen see or 


radii, of circles, BN vo RL Co BG apd conſequently, "BN" to N, a5 BC" to 
RO: e . * een. Butte cen- | 


tripetal forces (Prop. LXXIV.) are. 28 2 RY therefore tha res bene, 


ram eos egen cv not | 
XVII. "The-ce forces of equal, bodies. revolving 


in circular orbits, are as the radii of the orbits direc thy, and the ſquares 
of the periodic times inverſely. ane 5 . 


enn n OF CENTRAL oY 


If cho periodica) . . rncks Sie fp Bop, TERVEE) - 
as the radii. If the radii are equal, and the periodical times unequal; the forces” (by 
Prop. LXX VI.) are inverſely as the ſquares of the periodical times. Therefore, if both 
the radii and periodical times are unequal, the forces will be in che compound ratio of both, 
e mne Os eee 


PROP. LXXIX. When bodies revolve. round the ſame nie. if the 
ſquares of their periodical times are as the cubes of their diſtances from 
che center; the een forces willl be ago fo he ſquares of their 
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P, p. then, by the ſuppoſition Pa: h: D® lh. 
By Prop. LXXVHL — feared aid ai he ditatives/diretidy; cada 
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the dividend i is tes the q quotient is POET as the divil 'A „ D to r Inver) f 


to df. Therefore C. c::d* ; Da, . the ripen tea Ly dba 
of. the diſtances. | oh FOILED — N 2 05 810 4 EM |. + 9 = © 


ScxoL. r. Lat 4 4 expreſs the” Ge Kooks 1" # eder derber; Vie the 


velocities with which the bodies move; P, p; the periodical times of their revolution ;; D, 4. 


the radii or diſtances from the center; and N, ", the number of revolutions in 4 given” 
time : the preceding nnn wp . 210 01 e 
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OF MECHANICS: _ nook 11. 


Sp 1 S was proved (Prop. LXX.) that the centripetal and centrifugal es 
a. in circalar orbits, equal to one another, the preceding Propoſitions, being demonſtrated 


reſpecting the centripetal force, are alſo true of the centrifugal force; eiae be aſſerted 


univerſally, that the central forces are in the ratios above expreſſed. boy 
"Theſe Tons, ax be confirmed, by the following, experiments, « on the Whirling 


Tables. 


"Exp. 1. Lit two eital ballh, placed * r diſtances Boll * e motion Is : 
the whirling tables; and let one table ' revolve twice whilſt the other revolves: once: the 
ball on the table whoſe number. of revolutions is, with reſpect to that of the other in the 
ſame time, as 2 to 1 (or the periodical times as 1 to 2) will raiſe 4 times the weight raiſed.” 
by the other aa that is, according to Prop. LXXV. and 10 5 _ yg * 


Cre , N=: z or (by Frop. LXXVI) :: f. 


Z e awed ane? 
are as 2 to 1: let the ball on the table whoſe number of revolutions is 2, be placed at 


half the diſtance from the center, at which the ball on the table, whoſe number of revolu- 


tions is 1, is placed; whence their velocities will be equal, The ball at the diſtance 1, 
will raiſe double the weight raiſed by the ball at the diſtance 23 that, is, 3 
Prop. LXXV. the velocities being equal, C: c d: W. 

3. Let two Sl balls revolve on tables whoſe periodical times are equal; and let the 
diſtances of the balls from the center be to each other as 2 to 1 : the ball which is at the 
7 {he weight raed by the ball which 1 af the dilance 33 that i, 
according to Prop. LXXVIIl. C: :: D:. N ‚‚‚‚‚‚ v0 

4. CO ANCE Ma ts SS wad os orient Hons rv. 2 M0, teri 
on the table whoſe periodical time is 2, be placed twice as far from the center as the ball 
whoſe periodical time is 13 the ball whoſe diſtance is 2, and periodical time 2, will raiſe . 


; DE WOO pi bg hecho what Wigs 66, 9d peri fimm. 3.5 TH, i 
| according to Prop. LXXVII. cs F 7 "ile Wile we by 115 108 1 


1 


*Y - 
. 


* 
ii 


1 


2 e ett de en different tables; that Gt i 
ecter many _be: to that of the wider as 2 $0 82h, 3 let that ball which is at the leaſt diſtance: 


_ - revolve twice in the\ fame time in with the ather bull reyolves ance 3/therperiadical time of. 


the ball at the leſs diſtance, is to that of the ball at the greater, as L to 2, and the ſquares. 


of the periodical times will be as 1 to 4, and the cubes'of the diſtances & are 8, and 31.75. 
but 1: 4: 8: 32, therefore the ſquares of the periodicat times being in this caſe nearly; as. 
the cubes of the diſtances, the weight raiſed by the ball whoſe diſtance is 2, will be to: that. 
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"PROP. LXXX. The een forces of revolving, bodies are as 
their quantities of Dütfrtr. ñ Ee, d de 


A re 


. made up of the aaa tHe. 
particle of matter of which it conſiſts; and therefore the more numerous the 


* 


matter in any body are, the greater will be its centripetal force. 000) Bb tie eds! 


Exp. Let two glaſs, tubes be half filled, with water ; into one put ſome leaden ſhot, and. 
into the other a few ſmall round pieces of light wood; let the orifice of each tube be cloſed: 
by a cork: faſten the tubes to an inclined plane, and let the lowor end of it reſf upon tbe 
center of. the whirling table. On. turning the table, the bodies will be carried by their 
e hadhes  O 
than the lighter. See Ferguſon's LefQures. | 8 
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ratios laid down. in the preceding propoſitions multiplied into their quantities of matter. 
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ee Fee eee „e the 
them are equal; thus, C=c if n, NE 3 
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Any of ibe above proportions may be confirmed by experiment; for example 3. N 


ie * 


Ext. x To, ler the, two balls A, B,. be as 2 to 1.3; let. the diſtance of the ball & be d h. 
of the ball B from the. center, as 2 t0 1, and the periodical time of the ball A, be twice: 


that of the bal B; 5 will be equal; therefore Dun 
8 that is, 3.1. nen, A.and Joel mpg 
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"a Lex the Gn liens a oi iſa ds 
proportional to their quantities of matter, their centrifugal forces (compare Prop, LXXV. 
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and LXXX.) will be equal, and they will balance each other. This may be ſhewn by two 
balls ſuſpended freely and united by a cord, having the point of the cord which is directly 


above the center of the table at diſtances from the balls reciprocally as their weight; or by 
two balls united by a wire, and reſting in equiibrio on a forked ſupport Exed in che oe 
of the tables, which will continue in equilibrio when the tables are turned. : 

Tn like manner other caſes may be confirmed by experiment. 


| LEM. vn. F a a revolves freely in 8 about an immoveable 


center, and in an indefinitely ſmall time deſcribes any naſvent arc; and the 


verſed fine of the arc be drawn which may d fees the chord, and bring pro- 
duced may paſs through the center of fore; the centripetal force, in the 


middle of this are, wil be as the verſed fine e and the . 9 the 2 


tine inverſely. 


C ³˙¹;ꝛͤĩ Grams Sro9 tes Ci adn 1 
arcs deſcribed in any times, T, r; and let PB, pb, or QR, Aa, be the verſed fines biſecting 


the chords, and when produced, paſſing through S the center of force. Suppoſing the arcs 
MQP, Ng, to be deſcribed in the ſame time with different forces, C, ci by Prop, LXXII. 


Cor. 4. R: A:: C: c. Hence, ſuppoſirig the forces to be equal, QR is equal to Aa 


deſcribed in the ſame time; and (by Lem. V.) QR or Aa: qr : : Ap* : 9p?, that is, ſince 
the motion in the arcs is uniform, As: gr: : T* : E. nnn 
„ de e OP gr: : Cx Tt: FORTE ws 


c r 


TH SS e | 
Cor. 1. If a body P, re Jas APQ,, cad 
2 right line ZPR touches that curve in any point Pʒ and, from any other point Q of the 


curve, QM is drawn parallel to the diſtance SP, meeting the tangent in R; and QT i is drawn. 


perpendicular to the diſtance 8P ; the centripetal force will be reciprocally as the quantity 
— if this be taken of that magnitude which it ultimately acquires, ſuppoſing the | 


points P and Q. continually to approach to each ether. For QR is equal to the verſed 5 


ſine of double the are , in whoſe middle is P: and double the triangle SQP, or SP x QP 


(or ultimately QT) is proportional to the time, in which that double arc. is deſcribed... 
(by Prop. LXXIE) and therefore may be uſed for the exponent of the time. Whence 


= 3 thar'is, C E OE. Er ö 


* — are e reclprocally as © 
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| one. |, or cr At FORCES. 


1 * 


Cos. 2. Hlones, if nay linde Bes MW i en nad the e . 
given, to which a centripetal force is perpetually directed; the law of centripetal force 1 „ 


may be found, by Wich the body P, eee Nen 66k Svis lll Conch, 
will be c in the fe of mn NE NONE FR 
revolution. e b e ni | 
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PROP. IXXIII. If cadet 3 in e 3 
arras in equal times, their centripetal forces are to one another inverſely 
PPP ·¹—nf ¼ . 
which they tend. 7 3 


Let 8 be the s let a body P, neg ene lloide 5 2608 5 06 A 
join SP; draw QR to the tangent YZ, parallel to SP; join PC, and produce it to G. 4 _ 
Complete the parallelogram QxPR, produce Q to v, Qv is ordinately applied to GP; draw + 7 
DE, a diameter parallel to V Z, and dra TH from: the thee oe NE Is 5 7 
join HP, and draw QT perpendicular to SP, as alſo PF to DK. % od nan! 
EP is equal to the greater ſemiaxis AC. For, becauſe CS is equal to CH, ES: is en 
to EI, (El. VI. 2.) whence EP is half the ſum of PS, PI, that is, of PS, PH, (for El. I. 
13.) RPI, IPZ, are equal to HPR, HPZ; and taking away the common part HPI, the 
angle IPR is equal to HPZ ; whence (El. I. 29.) the angle PIH is equal to PHT; and PI 
is 'equal to PH) ; and PS, PH, together, (Simſon's Conic elt. I. eee e ; £8 
whole axis 2AC. EP therefore is equal to AC. | „ 
| Putting L for the princi] Its ratum.of the lips I (by definition) is equal. ue 5 
10 (for Ac: CB: : CB : E whence . E L). And LxQR:LxPv:: QR:Pvz. 
and QR Pr; and Px: PV: : PE: PC; whence L QR: LxPv :: NE or Ac: C. 2 „ 
And (El. VL 1.) LX PV: Gn : L: Gv; and (Simſ. II. 15.) GvxPv : O „ 4 | 


PC? : DC. And (Lem. IV.) the points Q and P continually approaching, Qu* is to 
ultimately in the ratio of equality. And (ſince the triangles QT xs, EPF, are fimilar, , 
for QxT=PEF, and QT to. EFP) Qz* or : QT®* : : EP* or AO: PF*, But 
becauſe (Simſ. II. 20. Compare Vince's Con. Sect. II. 10. Cor. 1.) parallelograms about 

| conjugate diameters are equal to the rectangle under the axes, the rectangle PF, DC, is. 

equal to the rectangle ACB, whence PF: AC:: CB: DC, and AC* : PF*:: CD* R, 

vw wherefore Q: N.: CD“: CB*. 9 the 3 „ 
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Then ſubſtitute for AC x L its 
Lx GR: 


QT? : 


2BC* 


x PC 


or BC* x2PC 


2PC 


. and QT*, 


n K and Ls r- will become equal to 
{Therefore (by Lem. VII. Cor. 1 and 2.) the centripetal force is reciprocally as L x 8P*, 


out. the equal quantities, L x 


Gx BC· 


But the points Q and P continually approaching without end, 2PC and Gv are equal: 
to theſe are alſo equal. Multiply theſe equals 
QL. | 
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chat is, fince L is a given quattity, as SP*, or 
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Ex. 1. The different preſſures of different columns of fluid in the fame veſſel. at dif- 
Hen ant appear from the different quantities of fluid iſcharged, at different depths, in 
the ſame time, from prifices of the ſame bore... . 

2, I i ir bl rom wh byes drier, an ge 
up, the ſolidity of the particles of | 
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OF HYDROSTATICS. BOOK 111. 
Cox. Fluids gravitate in fluids of the fame kind. For they cannot loſe the property of 
gravity which Telvngs to all bogies by fuch a change of ſituation. 


Exr. Suſpend a topped phial from bne „. 


balance it by weights from the oppoſite arm of the balance: upon unſtopping the phial under 
water, a quantity of water will ruſh into it, by which the weight will be increaſed as 


een 7 


* AP TY ß OF TAPTT + 
. * 1 * 


TT AM UA HS Sx”, #3 ? & bf 38 | ae 2 
PROP. II. When the ſurface Fry” a fluid is | bevel, the whole maſs 
will be At reſt. d SS AA drr £2 


Let ABCD be a A Water, the lexel günther en 
the whole maſs of fluid in the veſſel to be divided into thin. frara, or plates, RS, TV, XY, 
&c. lying horizontally one above another; and into ſmall perpendicular columns GH, IK, 
LM, &c. contiguous to each other. In the ſtratum XY, and the columns IK, let m, 1, 
be two adjacent drops. Neither of thife dpd ein move towands the column in which the 
other is, without driving that other out of its place, becauſe the fluid is ſuppoſed incom-- 
preflible. But, with whatever force the particle a endeavours to diſplace the particle =, this 
force is counterbalanced by an equal and contrary effort on the part of u; becauſe (Prop. I.) 
A enen 
at reſt. va * 11 F ne | I A 11 AQ 


_ w 


RO. HI. s . af a 0 at reſt a gria, a N equally 


in all directions. DAs tt H 


For (Def. I.) ich putice eee e way on ch Lighted Aeg of price 
and, by ſuppoſition, each particle is preſſed by the contiguous particles in ſuch manner as 
to be kept at reſt in its place: it isjtherefore” preſſed with an equal degree of force on all. 


fades; Oy (Book IL Prop, III.) if preties equally in all . 


e of a'fluid'is equal to the perpendicular preſſure. This 

ee eee eee eee ee of fluids, and can be conceived to ariſe N 
from che extreme facility with which the component particles move among each other. et 
Exp. 1. Into ſeveral tubes, bent near their lower ends in various angles, pour a ſufficient | 
quantity of mercury to fill the lower parts of their orifices ; then dip them into a deep gl laſs 


veſſel filled with water, keeping the orifice of the longer legs above the furface : n the 
tubes are deſcending, the mercury wilt be gradually preſſed upwards in the tubes, and the 


preſſure will be equal at any given depth, whatever be the direction of the preſſing column 
of fluid in the ſhorter leg of the tube. Oil may be uſed inſtead of mercury. 
2. Dip an open end of © tube, having a vety natrbw bort, into à veſſel of quicklilver; 


OE OR ee Ws wk toe ops, in vp the abe öücdf ieVeſet a ſhort 
270, | + , | column 


cuar. 1. THE PRESSURE OF FLUIDS. 


column of quickſilyer will hang in the lower end, which, when dipped i in water lower. 

than 14 times trad own nn _ Apr ae et finger, he” I ge 
3. 7 a hour: open tube da me one ap « hnw bids d 

A pour into the tube a quantity of coloured water ſufficient to preſs the bladder into a convex 
form; then, dip the covered end of the tube flowly into a deep veſſel of water; the bladder, 
* the upward preſſure, will become firſt leſs convex, then plane, and at laſt concave. 5 


4. If the like be done with ſeveral tubes, whoſe covered orifices are cut obliquely at | 


ail angles, the nene be ſeen to inereaſe * the 8 rhich the 
tubes are immerſ et. i 


5. Let a circular piece of braſs, 656 upper e is coyered with wet tg be 


held cloſe to one orifice of a large open tube, by means of 2a cord or wire faſtened to the 
middle of .the plate,. and paſſing through the tube: let the plate, thus kept eloſe. to the 
orifice of the tube, be immerſed with the tube into a large veſſel of water: When the plate 
is at a greater depth than 8 times its thicknels in the water, the cord or wire may be left.at 
liberty, and the upward preſſure of the fluid will keep the plate cloſe to the, tube. 2 N 
6. Let a ſmall bladder, tied cloſely about one end of an open tube having a large bore, 

be. filled. with coloured water till the water riſes above the neck of the bladder; upon 
immerſing the bladder into a veſſel of water, the bladder will be compreſſed on all ſides, and 


the coloured water will be mie up in the tube i in n proportion to the Sees to. which the 
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* PROP: Iv: When a Auid FIGS Pa a dw e is N in 


Te parts than in others, the velocity of the fluid will, in mor ſection 
of the tube, be inverſely as the area of the ſection. AE pins 


; : g — * * 8 Me 
4 . - 2 4 ; 


| Let ADMN, # bend tits larger at IL than at FG, be fllld with water to Cu ts : 


ADFG. Let the water be forced downwards in the part ADBP, and conſequently be 6. . 


made to riſe in the other part KHMN. It is manifeſt, that the water which is forced out 


of one part of the tube, is driven i into the other. Hence equal quantities paſs through every 


ſection of the tube in the fame time: for if leſs, or more, water paſſed through the ſection 
FG than through IL in the fame time, the quantity of water between FG and IL muſt be 


increaſed or diminiſhed, which cannot be, ſince no cauſe is ſuppoſed Which could increaſe or 1 
diminiſh it. But if equal quantities paſs through unequal parts of the tube in the ame 

time, the water muſt run proportionally faſter where the tube is narrower, and flower where 
it is wider, If, for example, as much water runs through the ſection FG, as runs in te 


fame time through the ſection IL, the water muſt move as much faſter at FG than it moves 


at IL, as the tube is narrower at FG than at TL ; that is, the W N ng ind be 8 
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OF HYDROSTATICS. | BOOK 11I. 

Cor. The momentum will be the ſame in every ſection of the tube: for the quantity 
of water at each ſection is directly as the area of the ſection, and the velocity is inverſely 
as the area; therefore the velocity is inverſely as the quantity of matter : n e II. 
ra XI.) the momentum is every where the ſame. 


Schnorr. Hence we may account for the ſuſpenſion of the fluid in a tube the upper part 


of whoſe bore is capillary, and the lower of a much larger dimenſion, as was ſeen in the 


experiment, Book I. Prop. VII. 


= Let there be a tube conſiſting of two parts DR and RCK, of different diameters : DR 


the ſmaller part of the tube, is able (Book I. Prop. VIII.) to raiſe water higher than the 
other: let then the height to which the larger would raiſe it, be TC, and that to which 
it would riſe in the leſſer, if continued down to the ſurface of the fluid, be XH. If this : 
compound tube be filled with water, and the larger orifice CK be immerſed in the ſame 
fluid, the ſurface of the water will ſink no farther than XL, the height to which the leſſer 
part of the tube would have raiſed it. But if the tube be inverted, and the ſmaller orifice 


XL be immerſed, the water will run out till the ſurface falls 0 TF; che height to which 


the larger part of the tube would have raiſed it. 

Let the tube DR be conceived to be continued down to HI; and let it be ſuppoſed that 
the fluids contained in the tube XLHI, and the compound one XLEC, are not ſuſpended 
by the ring of glaſs at XL, but that they preſs Upon their reſpective baſes, HI and CK. 
Let it farther be ſuppoſed that theſe baſes are exch of them moveable, and that they are 
raiſed up or let down with equal velocities ; then will the velocity with which XL the 


uppermoſt ſtratum of the fluid XLCK moves, exceed that of the ſame ſtratum, conſidered as 


the uppermoſt of the fluid in the tube XLHI, as much as the tube RCK is wider than DR 
(by this Prop.) that is, as much as the ſpace MNKC exceeds XLIH. Conſequently, the 
effect of the attracting ring XL, as it acts upon the fluid contained in the veſſel XLCK, 
exceeds its effect, as it acts upon that in XLHI, in the ſame ratio. Since, therefore, it is 
able to ſuſtain-the weight of the fluid XLHI by its natural power, it is able, under this 


mechanical advantage, to ſuſtain the weight of as much as would fill the ſpace MNKC: but - 


the preſſure of the fluid XLCK is equal to that weight, as having the ſame baſe and an 
equal height (as will be ſhewn by Prop. VI.). Its preſſure, therefore, or the tendency it 
has to deſcend in the tube, is equivalent to the power of the en ring XL, for which 


reaſon it bught to be ſuſpended by it. 


Again, the height at which the attraQing ring in the larger part of the tube is able Ke | 
ſuſtain the fluid is no greater than NF, that to which it would have raiſed it, had the tube 


been continued down to MN. For here the power of 'the attracting ring acts under a like 


mechanical diſadvantage, and is thereby diminiſhed as much as the capacity of the tube 
TFNM is greater than that of HIXL ; becauſe, if the baſes of theſe tubes are ſuppoſed to 
be moved with equal velocities, the riſe or fall of the ſurface of the fluid TFXL, would be 
ſo much leſs than that of TFMN. And, fince the attracting ring TF is able, by its 

natural power, to ſuſpend the fluid only to the height NF in the tube TFMN); it is in this 


* 


_ 
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caſe able to ſuſtain no greater preſſure than what: aconl.ts W the ie abs | F 
ſpace HIXL : but the preſſure of the fluid TFXL,; which, has equal height, and the ſame : 
baſe with it, is equal to that weight; and therefore is a balance to the attracting power. 3 ; 
From hence we may clearly ſee the reaſon, why a fmall quantity of water put into a 5 

capillary tube, which" is of a conical form, an Rad- A beet Bci ibn WHT fon „ 
towards the narrower end. For let AB be the tube, and CB a columm of water cntained Plate g. 5 
within it; when the fluid moves, the velocity of the end D will be 6s chat ef the end GW 
reciprocally as the cavity of the tube at D, to that at C, (by this Prop.) that is, (El. XII. 2.) A 
reciprocally as the ſquare of the diameter at D, to the ſquare of the diameter at O; but the 3 
attracting ring at D is to that at C, ſingly as the diameter at D to the tte ke E. Now, 

ſince the effect of the attraction depends, as much upon the velbeit) öf that part bf the Auid 

where it acts, as upon its natural force, its effect at D will be greater than at C; for 
| though the attraftion at D be leſ in rllf than at C, yet is Joſs of foe ugen tht aocount, 

is more than compenſated by the mechanical advantage it has ariſing from bence, that the 

velocity of the fluid in that part is more increaſed than the force, itſelf is diminiſhed at Cc. 
The fluid will therefore move towards B. See on this ſubject Mr. TIS TIES NET 


"If 1 P- 200 * j $3 THE 1677 (1307 81 b vw Dering dt "bi w 1 6 Wo 1 Ie . 


PpROP. v. tn beaded one tubes Avids arreſt will be at the 
fame Tg, on each fide. 10 bh | ters +, a . 


1230 196 1 I 
In the tube ADMN, Billed e the. Ab ris; £ 

AD, without riſing towards MN. The water in each ſide of the veſſel may therefore be 

conſidered as two forces acting upon each other in contrary. directions: and conſequently - * 

theſe two maſſes of fluid will only be at reſt when their momenta are equal, that is, (Book II. 

Prop. XI. Cor.) when the quantities of matter are inyerſely as the velocities, or (Prop. IV.) 

directly as the area of the ſection through which it lows. Thus, at the ſections BP, KH, 

the momenta. are equal; when the quantities of matter, or cylindrical maſſes of fluid are | 
as the areas of the ſections, that is, as the baſes of the cylinders ADBP, FGHK, But 

eylinders are as their baſes (El. XII. 11.) only when their perpendicular Beights are equal. kay 

Therefore the momenta of the two cylinders. of fluid will. be equal; and conſequently the WY 


_ Will be-at reſt, only when the perpendicular heights of. each column are cpa; ut 5 ; 
" Exp: 1. ee eee watef will tie ts the fs gh „ ps 
on each ſide. eee, | 


425 


| 1 W Let water ſpout upward through, A pipe, (og a ſmall. orice; . into the „ 
e a deep veſſel; it will riſe nearly to the oy of the upper ſurface of the water FAA 
in the veſſel, The nie the air, and of. ins ee, prevents it bop riſing 
e level, TOP 8 VHS Ty {4a 1 ly 1 n ei „ rent 
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| Plate g. 
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Con. 1b chris pipe convey a dan from + nene u cam over em 0 
Ne e e e ee reſervoir. © 750 


| Scnoz. 10 this demonſtration, we do not. conſider the velocity with hich the = | 
in of fluid are i moving, but the velocity with which, if they move at all, they muſt 
3 move. And ſince, if their perpendicular height is the fame, the velocity with | 
which they muſt begin to move will be inverſely as their reſpectiye quantities of matter, 3 
they cannot begin to move but with equal momenta; and their motions muſt be in contrary | 
directions, becauſe one column. cannot deſcend without making the other aſcend; therefore | 
- thoſe equal momenta would deſtroy each other. Theſe two columns then, making a bon 
tinual effort to move with equal momenta in Cas GreQions, e each other. be 


21 2 * 


rRor. VI. The as of fluids 4s e to a baſe; -and 
he perpendicular height of the fluid, whatever be 15 form of 1 


ks 


or Es of the fluid. = OOO e ee 
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Caſe 1. Cr e een 
In ſuch a veſſel, ABCD, becauſe the whole weight of the Wa . preſſes 
directly upon the bottom CD, the preſſure (by Prop. I.) beet ee t is, 
(El. XII. 17, 14.) as the baſe and perpendicular height of the fluid. „ 5 
Caſe 2. Let the fluid be contained in a perpendicular veſſel, the bottom of which i 
equal to that of the cylinder in the laſt caſe, but its top narrower than the bottom. | 
Let the veſſel DBLP, have the portions of its baſe LA, CP, each equal to OR. 1 
Prop. I. and III. it appears, chat each of theſe portions are equally preſſed by the column 
DBOR, as the baſe OR. In like manner, every portion of the baſe LP equal to OR is as 
much preſſed as OR. ere eee eng bebe eber 
of the cylindrical form FHL PP. =—_ : 
Or thus: Becauſe (by Prop. v.) "if a tibe were"inſerted at NT. of the diameter OR, | 
the water being at the height DB, would riſe to the level FE, there muſt at NT, be an 
_ upward preſſure towards F ſufficient to fill up the columns of fluid FELA, that is, equal to 
the weight of as much water as would fill the ſpace FENT. Conſequently the re- action, 
that is, the preſſure upon the baſe LA muſt be equal to the wgight of as much water as 
would fill FENT. But the baſe LA ſupports this re- action, likewiſe the weight of 
the water NTLA, which are together equal to the weight of DBOR. The baſe LA, 


_ therefore, ſuſtains a preſſure equal to the weight of the column DBOR. And every equal 


portion of the baſe may, in the ſame manner, be ſhewn to ſuſtain an equal preſſure. 'There- 
fore, the preſſure on the baſe is the fame in veſſels of the form ſuppoſed” in this caſe, as in 
cylinders of equal baſes, and of the ſame altitude with theſe veſſels. The ſame may by | 
ff 0 OT n0n'sy ige"'7- oat ard ao; tHe 


* 9 © . 
Son : Caſ. 
3 D : 
o . * 
1 r 
1 


CHAP. 1. THE PRESSURE OF FLUIDS. _ 7 * Rt 
| Gus. Let the vl be of the fun a and nds, hays 9p nue d the i 
baſe... : 


"Eur e et dich e chA Gil, K, Ke. et cad nin c.. e 
che bottom of the veſſel C to be moveable, that ie, capable of Nliding up and don tho . 
narrow part of the veſſel, from C to GH. Let it further be ſuppoſed that this moveable f 
bottom, is drawn up or let down with a given velocity, while the veſſel itſelf is fixed and 
immoveable ; it is evident the loweſt ſtratum, which is contiguous to the bottom, will be 5 3 
raiſed or let down with the ſame velocity, and will therefore have momentum proportional ; „ , 
to that velocity, and the quantity of matter ĩt contains: hut (by Prop. IV. Cor.) the reſt RV 
of the ſtrata will have the ſame momentum: conſequently, the momentum of all taken 
together, of the whole fluid, is the ſame as if the veſſel had been no larger in any 
one part Wend d 8 for then the niomentum of each ſtratum would alſo have 
been as great as that of the loweſt, - The preſſure, therefore, or aktion of the fuld, with „ 35 
which it endeayours to force the bottom out of its place, is as the number of ſtrata, that is, et 3 
dee perpe a dee been in bn ron: en e „ 
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„ 4. Lex the Bud be in an-intlined cylindrical veſſch 
In the inclined cylindrical veſſel ABNI, 4s e che Gu is Pe 8 „ 
upon the baſe NI, by being in part ſupported by the fide of the veſſel AN, ſo far is the ?? 
preſſure upon the baſe increaſed by che re 605 prone n Which is equal to. =) 
che aQtion. of the former,. decauſe the fluid, preſſing every way alike-at-the. ſame depth below „ „ 
the ſurface, exerts an equal Gove again back the Gaia” The baſe/ NI is therefore preſſed : . 
with the ſame force with which it would be preſſed, if the fluid contained in the veſſel 3 „ 175 
ABNI was included in the veſſel EDI O, having an equal baſe, and the, fame perpendicuä arg 
dea e e e hr dee e eee „„ hs ApS 
altitude, CN. VF I 3 

_ Sinn theo, eee of well ah . at the tog . 
than the bottom, and likewile the preſſure upon the baſe of .yellels inclined. to the horizon, 2353 
is equal to that upon the baſe of a cylindrical. veſſel. of the ſame baſe. and height, the fides | „ 
of which are perpendicular to the horizon; and ſince the preſſure upon the baſe of uch a 
cylinder is as its bale ; and height; the preſſure. uporr the bottom of all les Wh wi ty | 3 | 
is proportional to their baſe and perpendicular eight... 1 ü el n. 
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Exp. 1. | Let two tubes of different forms eee ee eee © OR: 
creole baſe, ſuſpended by a wire, paſſing from the center of the baſe through the tubes 
io the beam of a balance: when the different tubes are filled to the fame heightz2irwiltre-— © - 
ire the ſame weight at, the oppoſite end of the balance to keep the baſe from linking. 5 
. e any quantity of Aud, how {mall Bever, bree ene „„ 
tit) meien e reed ag of: M 
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2. Let two tubes, the one cylindrical, 'the' other of the form of a ſpeaking trumpet, | 
have their baſes of equal diameter, covered with bladder, and inſerted in a veſſel of water, 


zs in Prop. III. Exp. 3. the bladder will become plane at the ſame depth in both: from 
wWhence it appears, ee ee e ee ee pe- nf f m e 


e e ee eee Ben n pas 
os r. Hence in different veſſels, containing different Auids, the preſſures are a8 the 
areas of the baſes multiplied into the depths, and ſpecific gravities. _ 


Con. 2. If s cose be filled with a fuid, and hung on ee eee 


nnn tt e e H equal the 
perpendicular height, then the ſolid content, or weight, N = * H, Me 
| dure will be BxH, :therefore equal to three times its weight. 1 Fat 


Con. 3. A ſmall quantity of fluid | may be made to preſs with a force fuſkcient to raiſe 3 


great weight. 
Since (as was ſhewn in Prop. V.) as much fluid as will fl the tube DB IV preſſes up- 


e ee VM, with a force equal to the weight of as muck fluid as would fill the. ſpace 


BHVM; the baſe remaining the ſame, the ſpace BH VM, that is, the weight which may 


de raiſed will (by this Prop.) be as the height VB, which may be increaſed at pleaſure. 


W 


Exr. Let two circular pieces of wood be united by leather in the manner of a pair 


af bellows; in the upper board inſert a long tube with a large bore; through which pour 


water into the veſſel; ons og anal 
5 R 

Con. 4. re of tht l Te Prop: V. that; 
in bended veſſels, or channels of any form, fluids riſe to the fame height, whatever be the 
difference between the quantities of fluid on each fide: for whatever be the form of the 


channels, the plane which is perpendicular to'the loweſt point being conſidered as the com- 


mon baſe, the preſſure upon it, is equal, when the fluid on each fide e eee 
and the whole maſs can only be at reſt when the oppoſite preſſures are equal. 


Scxot. This preſſure of the fluid upon the baſe does not alter the weight of the veel 
and fluid conſideted as one maſs, becauſe the action and re- action which cauſe it, with reſpect 


to the weight of the veſſel, deſtroy one another; the _ tn . much bultained 1 the 
„ ee eg eee eee e 1 
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PROP. VII. The preſſure of a fluid upon any indefinitely Gal 3 part 


5 of the ſide of the veſſel which contains it, is equal to the weight of a 


column of the ſame fluid, whoſe baſe. is the part preſſed, and whoſe 


cnt; THE PRESSURE or FI UWS. © 


-Let:ABCD be a veſſel filled with Aust; A8 /s furface 7 and L/ point in the fide Pine 5. 
22 The indefinitely ſinall drop which lies next to the'poilit Lis preſſed den- ** 
wards (by Prop. I.) by a force equal to the weight of a column of water while" baſe is La 
and height LA, che diſtance of that part from the ſurface. "And (by Prop. III.) this drop 5 
is preſſed ſide ways towards L with the fame force with which it is preſſed down I ds. 
Whence the propoſition is manifeſt concerning the point L. And che fame may be proved. „ 
e eee e 

een „ + 
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PROp. vm. e Hire + 1 fluid 61 any PEN 4 A 12 i 
n the weight of a body Which has the fame denſity with the fluid, and is 1 
formed by railing perpendiculars upon each-indefinitely ſmall part of the- 

plane, 8 in N to the GE of that _ from W wh 1 
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* ntely thus «. 2 


A e 6s 6 de 
part of the line AC, in the fide of the veſſel ABCD, wh oe OSS 
of fluid whoſe baſe is the part preſſed, and whoſe height is the diſtance of that part from the 
ſurface AB, Hence, if from the point L a perpendicular LO be raiſed whoſe baſe is L, and . 

whoſe length LO is equal to LA the diſtance of L from the ſurface, if this perpendicular ,_. 

conſiſted of matter of the ſame denſity with the fluid in the veſſel, the weight of this per 
pendicular column would be equal to the preſſure upon the point L. If, in like manner, 1 5 
perpendiculars, conſiſting of matter of the ſame denſity with the fluid, were raiſed ubm „„ 
every point between A, C, they would together fill up the area of the triangle ACD; an ö 
the preſſure upon the whole line AC in the fide of the veſſel ABCD, becauſe it is equal to 
the ſum of the preſſures upon all its parts, muſt be equal to the weight of this triangle Ac | 
The fume may be proved concerning any oder linen the fs ofthe walls HT, BF, Fe 14. 1 
Conſequently, the preſſures upon the whole fide will be equal to the weight of as many ſuch 5 HED 

triangles as there can be lines drawn upon it in the ſame manner as AC, HI, EF, are dann... 
But all theſe triangles together would fill up the whole ſpace, or compole a ſolid, CFGDAE;': „ 
Therefore the preſſure upon the fide AECF will be equal ( the weight df.thid Mind-ans+ | | 746] 
ſiſting of matter which has the ſame denſity wich the fluid in the velſel ; which ſolid i if 


. ͤ — | 
of that point from the ſurface of the fluid. i 
fide of a veſſel, ee ene, „ 


In like manner, if ir AC i a line duwn in the 0 


| reaches to the level AB, the preſſure upon chig line may be cltimated as before. . SL, is the 
diſtance of L from the-ſurface.: - Let therefore a-perpendicular LO, _————— „ 

| . I me” oh I 5 
r fure upom L 
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reaſon, if a perpendicular MP is raiſed upon the point M, and is made equal in length to 
MT the diftance of M from the ſurface ; ſuch a perpendicular, conſiſting of matter of the 
fame denſity with water, and being of the ſame ſize, would have the ſame weight as the 
column of water MT. And fince (by Prop. I.) the preſſure upon M equals the weight of 
the incumbent water MT, it likewiſe equals the weight of the perpendicular MP. In like 
apnner, [he geines iT.and Cars groſſed by che. weight of the jncumbent_colunas NV and/ 
XC, which is equal to the weight of the perpendiculars NQ, CR, ſuppoſing thoſe perpen- 


| diculars to be equal in height to NV and XC, and to conſiſt of matter whoſe denſity is 


the ſame with that of the columns NV and XC. Thus the preſſure upon the whole line, 
deing made up of the preſſures upon all its parts, will be equal to the weight of as many 

as can be raiſed in this manner between A and C, The ſum of all thoſe 
perpendiculars is the triangle ACR, whoſe weight therefore is equal to the preſſure upon the 
line AC, © But if as many ſuch triangles were added together, as there are lines parallel to 
AC in the whole. fide of the veſſe], all theſe triangles together would form a ſolid. And 
fince this ſolid is the ſum of all the preſſures upon each point of the fide, the weight of it, 
TTY OT I eee ee eee 


nnn 


"PROP. IX. The pefſre upon ay eG ofa ui veel ile 
with fluid, is half the preſſure upon the bottom. FH oh 


{Phe bottom ſuſtains à preſſure equal to the whole weight of the fluid in the veſſel. 
And the preſſure which the fide ſuſtains is equal to the weight of the priſm CFGDAE, 
which (El. XI. e r Oe: e e 
Or thus: Becauſe the preſſure upon every part of the veſſel at the bottom . 
weight of a column whoſe baſe is the part preſſed upon, and height that of a perpendicular | 
from the bottom to the ſurface ; if the preſſure were the fame every where from the top to. 
the bottoms, it would be equal to the wright of as many fuch columns a» would correſpond. * a 
to all the parts of the veſſel. But the preſſure every where diminiſhes as we approach to- 


wards the ſurface, where it is nothing; the preſſure on the fide is therefore only half of 


that on the bottom of the veſſel: a number of terms in arithmetical progreſſion beginning. 
a nee” 2: e eee gra both oe 
the laſt in de progreſon. 

Con. 1. U ˙. . ͤ — res. ch. of non... 
fides a preſſure equal to half that upon the bottom, and upon the bottom a reiſlu n 
delt, produces on the whole a preflure three times 2s great as ite. 1 705 


Con. 2, When the area of the part preſſed is given, the preſſure e 


diſtance. of that part from the ſurtaer: where the depch of 'the part: is give; the- preſſure is. 


as the area; and where the diſtance from the cn: — aut 
Hol. 
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chat. Or, of THE MAPA OF: bibede 


gcuot. There is 2 particular point in which the nite echte iy whe 4e as "it 
is called the center of preſſure, and is the ſame with the center of ofcillation "of the” fide 
AE gt ee nme e e en 1. en > 
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'Y Fluids 2 through the Bottom or Side 5 @ Ve Jul. 


| PROP, x. The momentum with which any fluid tins out of 4 11 


orifice in the bottom or Ade of 4 veſſel, is eee e pans 
cular depth of the orifice below the ſurface of the fluid. 


Tue pfreſſure of a fluid againſt any given ſurface being (by Prop. dae $5 
to the perpendicular height of the fluid above that part; if that givers ſurface be removed, 


the Said will be driven through. che orifice by this preftire. © The" Wee eee wn 


| which the fluid paſſes through the orifice is as the perpendicular depth of the ofifice below 
the ſurface of the fluid: CCC 


| r r Ada a 1 e | | 
PROP XI. — whit iy Wb th | 


©: ie" "Us Yi bs fide of a veſſel, anne 
velocity, or as the ſquare of the quantity of matter. to 
The momentum (by Book, II. Prop. XI.) is in de compound” . 


; matter and yelocity, And it is manifeſt, that, ſince the orifice is given, the quantity of 
fluid diſcharged will always be as the velocity: eee * 


T „„ | TIP 
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FRO. XII. — hp Wal AS. 
orifice in the bottom or fide-of a veſſel, is „„ 5 


Fe of: Ge ee ee 
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ee e eee eee e ee = the ſquare rot ofthe rar 
cular depth. 
Cor. 1. ee cg ONE; Ds" en 
je uniformly retarded velocity : for the perpendicular depths are continually diminiſhing. 
| Con. 2. Hence alſo the ſurface deſcends with an uniformly retarded velocity, and the 
r eiregadicia n e ee 
odd numbers 1, 3, 5, 7, 9, &c. taken backwards. | 


Cor. 3. If therefore a cylindrical veſſel be divided no prion, contin t th fur 
face of the fluid, which are as the odd numbers, 1, 3, 5, 7, &c. a clepſydra or hour-glaſs 
will be formed ; for the ſurface will deſcend through theſe diviſions in equal times. . 


- - PROP. XIII. A fluid runs out of an orifice in the bottom or ſide of 
aA a veſſel, with the velocity which a heavy body would acquire in falling 
. eee 


e e, d be e e eee e e 

; J n it muſt be carried down- 
ward by its gravity with the ſame velocity with which any other heavy body would begin to 
deſcend. _ And, if an,orifice be made in the veſſel at L, any point below the ſurface, : the 

fluid which paſſes through that -orifice, will (by Prop. XII.) move with a velocity which 
js as the ſquare root of the diſtance from. the ſurface. - But if a body were to fall from the 

ſurface to the point L, it would acquire a velocity which would be (by Book II. Prop. X XVI. 

Cor. 2.) as the ſquare root of this diſtancee. Therefore, ſince the velocity with which the 
a dad moves, is, at the beginning of its motion, equal te that of a falling body, and fince at 
every given diſtance, theſe velocities have the fame ratio, namely, that of the ſquare root of : 

| the diſtance from the furface, that is (El. V. 9%) are equal," the propoſition is manifeſt, - / | 
Con. Suppoling O, V, T, Q to repreſent the area of the orifice, velocity; bine, ane 

_ quantity, flowing out in that time reſpectively; Q will vary SOLVE oras OxT - 
7 (Prop-XILY and when Ti given as. ON 0 {OTE mw Hs ee 
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Scnor. When a fluid ſpouts from a veſſel, CC | 
Which is the cauſe of the contraRion.of the ſtream at the diſtance from che orifice, equal 
to its diameter, and is called the vena contra/ta. Now the area of the orifice, is to the | 
area bf the malle eftion of the fifeani, nearly af V to 15 hence (by Prop, IV.) the 
; eedaciey at the reaw'cooteatts b the" relobhey it the HALL & J Tid 1. Sit 1. Newton 
10 found, that the velocity at the vena contracta was that which a body acquires in falling 
| WR Ap ALI Os. the pps ee eee 
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- PROP. XIV. | Wii ee ge eel AN heights 
and orifices equal, if one of them be always kept full, it will diſcharge 

double the quantity of fluid diſcharged in the ſame. ee he: — 
be eee -e od le e, e ee 


For (by Prop. 1.) the fluid will continue 0 i: Gough the whole claw: W 
ee out of the veſſel that is kept full, - But: the fluid will run (Cor. 1. Prop. XII.) 
with an uniformly retarded velocity out of the veſſel which empties itſelf. And, fince boch 
veſſels are'full at firſt, ax rec which coins item nn rele Pr) 
be the ſame with the firſt velocity in the veſſel in which the fluid is - uniformly retarded. 
| Therefore the quantity diſcharged out of the former veſſel, will be, to the quantity diſcharged - 
in an equal time out of the latter, as the ſpace deſcribed by a body, moying with an uf 

velocity, to the ſpace deſcribed by a body which ſets out with the fame” velocity, and is | 


mly retarded. But (by Bock II. Prop. XXVI.) the ſpace deſcribed by dhe ſemer 


will be double of the ſpace deſcribed by the latter. Wee 2 e 


8 the former veſlel, e of "ho nana TT, 171 vs 775 9 55 of 1 25 * 3 iS 72 ieh 
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Erde in rap of fp ing pig Ik 7 0 bein b. liquely 
by the force, or preſſure which, drives, it our of the orifice.” Therefore, (by Bopk. II. Prog, 
LVUL)- every drop of the ſtream, that is, the; whole freun, forms.a. parabola. ds as dl 


Exr. ; ; the $i Bir > formed by x fluid fp ut ing obliquely.” Sins e 21 . 
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kor. XVI. When x fluid ſpouts horizontally fret un 
the ſide of a veſſel which is kept full, if "the fide of the Welſer 
the diameter of a circle, and a line 4s drawn perpendicular 
from the orifice to the circumference; the diſtance tow 
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OF HYDROSPTATTES. > 0K f. 


Det AB be the fide of the veſſel; C, E, or 4 the orifice; -ADHBthe ſemicircle dawn 
8 ED, CH, a, lines drawn perpendicular to the fide from the orifice to the cir. 


cumference. The fluid ſpouts at E (by Prop. XIII.) with the velocity Which a heavy 


body would acquire in falling from A to E; and this motion, being in an horizontal direc- 
tion, eee eee or xetatded dy dhe force of gravipationz and wilt therefore 
vontinue uniſorm. But beſides this, the fluid ſpouts with the velocity which it acquires in 
falling after it has paſſed the orifice. This velocity, when the fluid arrives at GB, is the 
Ame with that which any other” heavy body would have acquired in falling” through an 


- equal ſpace from E to B. Let this velocity be called the deſcendinjy velocity; and that with 


which the fluid ſpouts at E the horizontal velocity. Then, ſince the horizontal velocity is 
the fame with that which a body would acquire by falling from A to E, and the deſcending 
velocity when the fluid arrives at the plane GB, is the Sine with fide Whick » body would 
acquire by falling from E to B, and ſince (by Book II. Prop. XXVI.) the ſpaces AE, 


Ez, deſcribed by falling bodies, are, as the, ſquares of the laff acquired velocities of bodics 


falling through them ; that is, (inverting the terms) the ſquares of theſe laſt acquired vel 
Eitzen or the ſquares of the horizontal and deſcending velocitics, are as the lines AE, EB, 
But in the triangle ADB, rig! he-angled (EI. VI. 8.) at D, DE is. a mean proportional be- 
tween AE, EB, wi the ture of AE is to the Me of ED as AE. is to EB. But the 
re of the horizontal velocity is to the ſquare of the. lat deſcending velocity as AE to 
EB. Therefore the ſquare of the horizontal velocity is to the ſquare of the laſt deſcending 


velocity as the ſquare of AE to the Iquare of ED: whence the horizontal velocity is to the 


laſt deſcending velocity as AE to ED. Now the ſpaces deſcribed in the ſame time, in 


_ uniform motions, are (Book II. Prop. VI.) as the velocities. Conſequently, if the ſuid 


had begun to fall from E with the velocity it has acquired at B, and had fallen uniformly, 


in the time of deſcent the ſpaces deſcribed by the horizontal and deſcending velocities would 


have been reſpeRively as thoſe velocities, that is, as AE to ED: Thus while the fluid was 
deſcending” tiff it reached che plane GB, the Horizontal velocity would have carried it 
forward through # ſpace equal to ED) or the horizontal diſtance would be ED; But the 
deſcending velocity being at the firſt nothing, and continually increaſing, the time of deſcent = 
(ſee Prop. IX.) is twice what it would have been upon the ſuppoſition that it began to | 
Abend with the laſt acquired velocity. And the horizontal velocity is uniform, and there- 
fore in twice the time, or the true time of deſcent, the fluid will be carried horizontally to 
twice the diſtance ED, Conſequently, if BF be made equal to twice DE, whilſt the ſtream © 
re . 


or xvi. If x: fluid den hocizantally out, of orifices in 
w e629 
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char. 1. OF THE:MOTION OF FLODS. 8 | | 
diſtance from the orifice which is in the middle of the fide, md qual. CE 
diſtances from orifices equally diftant from the middle. | CE 


(Lee bernie in ml fer kee opt il „5 : 
from C. | i a d I 7 5 3 ; 
The diffance to. which the fuid will heat a C (by Prop. XVI.) is twice CH, V 
E twice ED. Jene , 25 
An e — E and: 64 are-twice © iy 
ED, or ed; and that ED, 4, being equally diſtant from the crater, and genie to. the | 5 
radius, (El. III. 14.) are equal ; the hofizontal diſtances from E, e are ul. 55 i pe 
- Hence ic in che pläne of the horizon, Gn be en perpendiculay ir e Bb AB, and: - 
(GB be dele.of CH, and FB doable of DE, or, the ut touting c willful | 1 
upon G, and from E and e, upon F. 5 | . | 
Cor. If the fide of the et be bene fn any g's th tide, und hs lien, ,, 
E EET ef flight, „ 
may be diſcovered by the rules inveſtigated in Book II. on Prohefue s. 
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"PROP: XV. 'If a" river" Ka iet 
water paſſes in an equal time through every. 


Lot AB bo th ces BC th beam. of th ivr, and r. QB dine of, Nw T . 
river. Becauſe the river flows uniformly, tha ſame-quantity of water which pailes through 8 „„ 
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o en ſpace ZQXR, muſt in that time be increaſed or diminiſhed, Ef Uo 
the depth of the water in that ſpace altered; wry the ſnrνfνjL, -- {//f; 


4 Dos. Hanes if V Dy be the , breath, and dept . Ainely, VB 
| | eng- gen cg, r . 
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For each eee -k, Aae boom, or upon 
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Fg, xx. The breadth of the channel being given, the SA of 
each drop of water in a river is the ſame that a body would acquire in 
een, ee ee ee e amen eme, mar 


* . * 3 — . 
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e a labs APW if is bed wa BE G ali" 
of the channel. Any drop at E, after it comes out of the reſervoir at K (by Prop. XIX.) 
rolls down the inclined plane K E parallel to the bottom. And this drop, When it comes 
out of the reſervoir AB at K (by Prop. XIII.) has the ſame velocity which a heavy body 
would acquire in falling from A to K: and, in rolling down the inclined plane KE, it ac- 

quires (by Book II. Prop. XXXIV;). the ſame velocity which any heavy body would ac- 
| quite in flling down GE the perpendicular height of the plane. At E the drop will there- 
fore have acquired a velocity equal to that which a body would acquire by falling through 
AK and GE, that is, through MGE, TTT | 
voir to the place of the drop. „ ann, 7 

Con. 1. e e e ee 
| water in a river is-as the ſquare root of its diſtance from the level of the ſurface of the 
Plate 5. reſervoir. For, if E and R be two drops in different parts of the river, and AP the level, 
Fig- 15- . the velocity of the drop E is the fame that a body would acquire by falling down ME, and 
that of R the ſame which a body would acquire by falling down HR. Therefore. (by 
ene hone e ee neon fern oor Son ten 
e et No, f 


2 Don 2. Hans the bra ft chun bein ie, th war a the how of + 3 
oe civer will run faſter than the water at the ſurface, | abu 770 
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: eusr- n. OF THE MOTION OF: FLUIDS. 


1 PROP. Þ, Þ, 1 bg The hevightly «f the channel being cir the cept of 
the river continually decreaſes as it runs. W717 


The fame quantity of water (by Prop. XVM) . . 0 dal 4 Ml Gb 
(R, in the ſame time. But (by Prop. XX. Cor. 2.) the water runs faſter at the lower 


ſection QM, than at the upper ZX. Therefore the area of the ſection QR muſt be as 
much leſs than the area of the ſection ZX, as the velocity at Q is greater than the 

velocity at ZX. But the breadth of the ſections are by ſuppoſition equal; therefore their 
areas are (El. VI. 1.) as their heights. Conſequently, the heights of the ſection QR, Zx, 
will be inverſely as the velocities at thoſe ſections; that is, the depth of the water at OR 
will be a much Jeſs than the depth at Ay as the "WIL IN, is be ga than the velo- 
city at 2. 7 - | . | | og 3; 


PROP. XXII. At a given diftance from the 3 if the river 
flows uni iformly, the velocity of the water will be inverſely as the breadth 


b'w+ 4 


of the channel. 5 | ee ee 


Becauſe the river „ given beben ZX 1 - 
and in any given time, the ſame quantity of water muſt flow. through the different ſections 
ZX, Q, as was ſhewn in Prop. XVIII. But a given quantity of water cannot flow in a 
given time through any ſection, unleſs as much as the area is increaſed, ſo much the velocity 
is diminiſhed, and the reverſe; eee 


en een as its b, ts ne 5 ens Gat py 


' PROP: XXIII. The depth of tienen e . 
any part of the bank will be the fame, Whatever is the breadth. of PE h 


| N ee e e 8 5 
diſtance of that part from the ſurface; which remains the fame whilft the depth is the 
„ e FIR AGA eee 1 


PROP. XXIV. If the bread of a river be given, the bee on 
any part of the bank will be as the depth of the river. n 


For the preſſure on any part of the bank is (by Prop. L and III.) as a epth of 
Wem which dh Wl Re ee PO 
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OF H YDRO STATICS. wn III. 


| PROP. XXV. The preſſure againſt any given ſurface in the bank of 
a river, if that ſurface reaches from the bottom to the top of the ſtream, 
is equal to the weight of a column of water whoſe. baſe is the Jurface, 
and whoſe height is half the depth of the ſtream. | 
Let ZQXR be a given ſurface in the 8 reaching from the bottom BC of the r river 


to its top AD. The preſſure upon this is (from what was ſhewn in Prop. IX.) half the | 
preſſure on an equal ſurface at the bottom XR; which preſſure (by Prop. I. and III.) is 


_ equal to the weight of a column of water whoſe baſe is the ſurface ZQ,, and whoſe height 


is the depth of the ſtream. Therefore the preſſure againſt the ſurface ZQXR is equal to 
the weight of a column whoſe baſe is the furface ZQ,, and its N10 half the depth of the 
ſt ; 7 „ . 


PROP. XXVI. When a firearp ks moves with the ſame 8 
in every part ſtrikes perpendicularly upon any obſtacle, the force with 
which it ſtrikes is equal to the weight of a column of the ſame fluid, 
whoſe baſe is the obſtacle, and whoſe height is the ſpace through which 
a body muſt fall to acquire the velocity of the ſtream. _ | 


Let a fiream of water flow horizontally out of the orifice . u A et 694 


ſtrike upon an obſtacle of the ſame breadth every way as the orifice or ſtream, placed 


perpendicular to the horizon, the ſtream muſt ſtrike upon the obſtacle with its whole force. 
But his force is equal to the weight of a column of water whoſe baſe is e, and height Ae. 
And (by Prop. XIII.) Az is the height from which a body muſt fall to acquire the velocity 
with which the ſtream ſpouts from e. Therefore the force with which this ſtream would 
ſtrike ſuch an obſtacle is equal to the weight of a column of water whoſe baſe is e, and 
height that from which a body muſt fall to acquire the velocity of the ſtream. And becauſe 
no part of the ſtream, however broad, can ftrike the obſtacle except fo much as is contained 
within a ſection equal to the ſurface of the obſtacle, no other part of the ſtream is to be 
conhidered in eſtimating this force. It is alſo manifeſt, that if the ſtream flow horizontally 
d , e er omakr cha through. an orifice, in the current of a. | 
fiream, it will ſtrike an obſtacle with the ſame force. 


PROP. XXVII. ' When the obftacle is given, the force with which a 
ſtream ſtrikes upon it, will be as the * of the pete with NID. 
thedtream moves. 
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cnar. mn. OF THE MOTION OF FLUIDS. 


If a ſtream ſtrikes upon a given obſtacle, the force will (by Prop. XXVI.) be a to 
the weight of a column of water whoſe baſe is the obſtacle, and whoſe height is equal to 
the ſpace through which a body muſt fall to acquire the velocity of the ſtream. Since 
then the baſe is given, the weight will be as the height of ſuch a column. But the ſpaces 
through which bodies fall to acquire different velocities are (by Book II. Prop. XX VI.) 
as the ſquares of thoſe velocities. Therefore the height of this column, and its weight, 
and conſequently the force of the ſtream, which is equal to win ane a be as the 
_— of the EYE with which the ſtream moves. 8 


oa the RESISTANCE 4 Fluids. : 


PROP. XXVIIL If a ſpherical % is moving in a given fluid, . 
een which ariſes from the re- action of the particles of the fluid i is, 
within certain limits of the velocity, as trap _"_ of the velocity with 


which the body moves. 


A ſpherical body moving in a given Auid, the 3 which it will meet 
with in a given time will be as its velocity ; for the ſpace through which it will paſs will 
be as its velocity, and the number of particles it will meet with will be as the ſpace through 
which it paſſes. But the re- action of the particles of the fluid, and conſequently the re- 
ſiſtance, is as the number of particles or quantity of matter by which the reſiſtance is made. 
Again, if a given quantity of matter is to be moved, the moving force is (by Book II. 
Prop. IX.) as the velocity communicated; and the reſiſtance of that given quantity of 
matter is as the moving force. Therefore the reſiſtance ariſing from re- action in a given 
number of particles of fluid is as the reſpective velocities with Which they are moved; that 
is, as the velocities with which the bodies which paſs through | the fluid move. The reſiſt- 
ance of the fluid being then as the velocity on a double account, firſt, becauſe the number 
of particles moved are as the velocity of the moving body, and ſecondly, becauſe the re. 
ſiſtance of a given number of particles is as the velocity of the moving body; the reſiſtance | 
will be in the duplicate ratio, or as the ſquare of this velocity. 

Schorr. In very ſwift motions, the reſiſtance of the air bereitet In u Presser ratios . 
(ſee Remark to Prop. LVIII. Book II.) and in other fluids, the Op conſequence would 
follow for tlie ſame reaſon, with reſpect to projected bodies. | 
65,6 the ik I een kick 
| amen 82 122 . mis rin 021 if I s 2 
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OF. HYDROSTATICS. | | BOOK 11. 


- PROP. XXIX. When a ſpherical body moves with a given velocity 
in any fluid, the reſiſtance of the fluid ariſing from its re- action, will be 
as the ſquares of the diameter of the ſpherical body. 


A ſpherical body, in- moving through a fluid, diſplaces a cylindrical column of that fluid, 
the height of which is the ſpace which the ſphere deſcribes, and its baſe a great circle of 
the ſpherical body. Becauſe the velocity is given, the ſpace deſcribed in a given time, that 

is, the length of the column is given: whence, the quantity of fluid in the column, that is, 
the column will be as its baſe, a great circle of the ſphere. And the reſiſtance which the - 
column of fluid makes by re- action to the motion of the ſphere will be as its quantity of 
matter: it will therefore be as the baſe of the column, or as the great circle of the ſphere, 

or (El. XII. 2.) as the ſquare of its diameter. 


PROP. XXX. If two unequal homogeneous ſpheres are moving in 
the ſame fluid with-equal velocities, the greater ſphere will be let reſiſted 
in proportion to its weight, than the leſſer ſphere. _ 

JJ or éͤm˖ mmm 15.0 nt thitenbes en 


diameters : but their reſiſtances (Prop. XXIX.) are as the ſquares of their diameters: and 
the cubes of any numbers have a greater ratio to each other than their ſquares. Therefore 


| the. ratio of the weights of ſpherical bodies is greater than that of their reſiſtances in a given 


fluid: that is, the weight of the greater ſphere exceeds the weight of the leſſer, more than 
the reſiſtance of a given fluid againſt ta, ee A TT anon, 
provided the ſpheres are moving with equal velocities. 


Schorr. Hence the reſiſtance of the air may be able to ſupport ſmall W of fluid, 


nme ̃ wiken: they af collected into larger drops. 


"PROP. XXXI. The reſiſtance of a fluid ariſing from its ee. is. 


as the fide of the body perpendicularly oppoſed to it. 


The reſiſtance is as the column, or quantity of fluid removed in a given time, which, as. 


| was ſhewn, Prop. XXIX. eee eee 


- PROP: XXXIE. When equa] A ſpheres move with the ame vey 


in different fluids; , the e will be the, denſities LY the fluids. . 


given time that i is, "fn th ber move with equal deen as mee, | 
9 | | moved, 


eur u. THE RESISTANCE OH FLUIDS. 
moved. But, becauſe the ſpheres are equaly the baſes of the columns to which Wat. 


municate motion, are equal; and becauſe the ſpheres move with equal velocity, the length | 


of the columns to which they communicate motion are equal, Hence the columns to which, 
motion is communicated, having their baſes and heights equal, are of equal magnitude: 
and, conſequently, their quantities of matter are as their denſities. But it has been ſhewn, 


mr ̃˙⁵uy enen 


are as their denſities. 


Schol. Hence drops of water may; be fined in the. lower parts of the armor i 


vhich cannot be ſuſtained in the higher. 


PROP. XXXIII. The retardation of bodies i in a a refiſting aud, , where FTW 


che weights of the bodies are given, is as the reſiſtance of the fluid. 
The more a. body is reſiſted by, any fuid in which it moves, the greater portion of i its 


momentum is deſtroyed; but, becauſe the weight of the body is given, its momentum is; 
as its velocity: therefore the greater the reſiſtance of the leid, r 1141 29 e . Its. | 


e e that is, menen 


— 


PROP. XXXIV. When che reſiſtance i is given, the retardation 3 is in- 


verſely as the weights. 


The- ſame reſiſtance will deſtroy an On portion of. momentum a is the weight 
af the moving body. But when the momentum is the ſame, the velocity is (by Book II. 
Prop. XII.) inverſely as the quantity of matter. Therefore the velocity deſtroyed, on the 8 


10 


retardation, will be. inverſely as the quantity of matter in the body in Which the momentum . 


is deſtroyed: and the weight | is as the _ of. matter : therefore the retardation i is 2 
b nenn 1 1 


PROP. XXXV. The retardation of: Pheriesl bodies moving with 


equal velocities in the ſame fluid, is inverfely as their diameters. 


The reſiſtance which ſpherical bodies meet with in 2 given fluid is (by Prop. XXIX.) 
as the ſquare of their diameter. The retardation, When the weight is given, is (by Prop. 


XXXIII.) as the reſiſtance: and when the refiſtange is given, the retardation (by Prop. 
XXXV.) is inverſely as the weight, that is, (El. XII. 18.) inverſely as the cubes of the 


diameter. Now, wheti unequal ſpheres move with the fame velocity in the ſame fluid, the 


retardations will be unequal, both -becauſe- the reſiſtances ate unequal, and beeuiſe_ the 
weights are unequal, The retardations will therefore be directly as the ſquares of — 5 5 


diameters; and inverſely as the” _ ot tlie unactery? 12 (cvnipornlſy'thels es 


r 1 v9 . 
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or HYDROSTATICS. vox 111, 
PROP. XXXVI. When a body moves in an imperfect fluid which 


haas tenacity, or the parts of which cohere, the reſiſtance of any given 


portion of the fluid from this cauſe, is inverſely as the velocity of the 


body: the reſiſtance, when the velocity is given, is as the quantity of 


fluid through which the body paſſes : and the refiſtance is _— as the 
time during which the body moves in the fluid. 


Caſe 1. Suppoſe ſuch an imperſect fluid, as ſoft clay, divided into thin plates; each 
plate having a certain portion of tenacity will continue to reſiſt the body during the whole 
time in which it is paſſing through it: the reſiſtance therefore will be the leſs, the ſhorter 
time the body takes in paſſing through it, that is, the greater velocity the body moves with. 
And this is true concerning every plate which, compoſes the fluid. Therefore the reſiſtance 
ariſing from tenacity in a given 2 of you is inverſely as the velocity of the my 
which paſſes through it. > off TE \ 

Cafe 2. Again, the velocity of the body being given, the reſiſtance which the body 
meets with, from what has been ſaid, is alſo given, and will A ware ht plates or 
quantity of the fluid, | 

Caſe 3. Laſtly, when a body moves for a given time, the reſiſtance (by the ſecond caſe) 
is. as the number of plates, that is, as the ſpace through which it paſſes in a given time, 


that is, (by Book II. Prop. VI.) as the velocity directly. And (by the firſt caſe) the re- 


ſiſtance is, on account of the tenacity, inverſely as the velocity. Therefore as much as 
the reſiſtance is increaſed on account of the velocity in one reſpect, ſo much it is diminiſhed. 


on account of the velocity in another; and conſequently, whatever be the velocity of a 
body in ſuch a fluid, the reſiſtance which it meets with in a given time will be the ſame: 


whence this reſiſtance will be as the time in which the body moves in the fluid. 


CHAT. IV. 
Of the S pecific G of Bucs: 


_ Dex. v. The denſity of a x body, is its quay of matter with the 
bulk is given. f 
Dr. VI. The Secific gravity of a ds is its weight compared 5 
with that of another body of the ſame magnitude. 5 | 
Con. 1. The ſpecific gravity of a body is as its denſity. For the ſpecific 8 „ 


. — comers and the weight of a body (by Book II. Prop. 


CHAP. Iv. OF SPECIFIC GRAVITIES. 
XXIV. Cor.) is as its quantity of matter therefore the ſpecific gravity of a body is as 
the quantity of matter contained in a given magnitude, that i is, as its denſity. | 
Cor, 2. The ſpecific gravities of bodies are inverſely as their magnitudes 5 their 
weights are equal. For by the laſt Cor. the ſpecific gravities of bodies are as their denſi- 
ties, and their denſities (from Def. I.) are inverſely as their magnitudes when their weights 
are equal. Therefore the ſpecific gravities : are alſo ah as their e when 
their WING are _ | 


- PROP. A. The weight of a body varies as 1 ; magnitude and * 
cific gravity oonjointly. , 
For if the e dre Mal is id; its ſpecific gravity AL ae Sn the 


weight muſt be altered in the ſame ratio. And if the ſpecific gravity vary while its magni- 
tude continues the ſame, the weight muſt alſo vary in the ſame ratio. THEE: = 


_ weight muſt N as the ale and ſpecific gravity nene 


PROP. XXXVII. A fluid ſpecifically _— than another uid v will 
float upon its ſurface. ,, 


For (by Book II. Prop. XXIV.) the lighter fluid will be lefs powerklly cast pon by 
the force of gravitation than the heavier ; whence, the heavier will take the lower place. 
Exp. 1. Let a ſmall an open veſſel of wine be placed within» Etre veſſel of wars. 
the wine will aſcend. 
2. Let mercury, water, wine, oil, ſpirits of wine, be put ino 3 phil in the order of 
P ˙ PO OO OR 0 3 


PROP. XXXVII. The heights to wh fluids, which prefs Sy : | 


upon each other, will riſe, are inverſely as their ſpecific gravities. 


Since (by Prop. VI.) the oppoſite parts of an homogeneous maſs of Gila, in's alive” 
tube or channel, preſs equally againſt each other when they riſe to the ſame. height; in 


order to preſerve the preſſure equal when the fluids on each ſide are different, that which | 


has the leaſt ſpecific gravity, muſt CO Pe] riſe above the 12 to preſerve the balance; 
and the reverſe. '. 


Exp. 8 of a e . 


each end, pour ſuch a quantity of mercury, that it ſhall riſe in each arm about W er 
inch; then pour water into the longer arm till the mercury is raiſed one inch above its 


ſormer height; neee OT 
9 | | RO. 


E 


Pa 
, 


— 
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' PROP. XXXIX. The force with which a body lighter than any 
fluid endeayours to aſcend in that fluid, is as s the excels of the e 


| gravity of the fluid above the ſolid. 


Since ABCD, the fluid in a veſſel, will be al ry 1.) * 0 65 
imaginary plane 8 Q, under the ſurface of the floating body ptei, ſuſtains an equal preſſure; 


- If the ſolid body be of equal ſpecific gravity with the fluid, that is, weighs as much as a 
quantity of the fluid equal to it in bulk, and whoſe place it takes up, this imaginary plane 


being equally preſſed by the ſolid, as if the ſame ſpace were filled with fluid, the fluid will 


de at reſt, and the ſolid will neither aſcend nor deſcend. Conſequently, if the body be 


ſpecifically heavier than the fluid, that part of the plane which is directly under the ſolid 
being ſo much more preſſed than the other equal parts of the ſame plane as the ſolid body is 


" ſpecifically heavier than the fluid, the body muſt deſcend with a force equal to that exceſs ; 


and, on the contrary, if the body be ſpecifically lighter than the fluid, that part of the plane 
which is directly under the ſolid being fo much leſs preſſed than the other equal parts of the 


, fame plane, as the body is ſpecifically lighter than the fluid, it muſt be —— up with a 


ut e mantras a EER their ſpecific gravitics. . > 4 


PROP. XL. Any fluid preſſes equally againſt the oppoſite ſides of « a 


ſolid body immerſed i in it. 


The. oppoſite fides of the ſolid are at the ſame. depth; „ 
equally. Thus the oppoſite ſides RM, SN, eee eee eee 


ABCD, are preſſed equally by the ſurrounding fluid. 
Cor. n 


PROP. XLI. A body immerſed in a fluid is ' preſſed more - upwards 
than it is downwards, and the difference of theſe two preſſures is equal 
to the weight of as much of the fluid as Wild fill the ſpace which the 
body fills. 

The body MRNS being immerſed in the veſſel of water ABCD, its lower part MN 


muſt be preſſed upwards juſt as much as the water itſelf at the ſame depth MNT would 


be if no ſolid were immerſed. Now the water at any depth (by Prop. III.) is preſſed 
as much upwards as it is preſſed downwards. And at the depth MNT, the portion of 


this ſtratum MN, would, if the ſolid were away, be preſſed downwards by a force equal to 


the weight of the incumbent column of water EMNH. Therefore the force with which 


MXN, that is, the lower part of the ſolid, is preſſed upwards, is equal to the weight of as 
ON . e ou Is ANON. Bur 'the folks. body Nu is preſſed 


, ; 


OR 
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| downwards by the weight of the column-above-it EHRS. — htwids 5 
the two preſſures, is the difference of the weights of the two columns of water EHMN, 7 
and EHRS; chat is, the upward: preſſure upon the ſolid body. RSMN exceeds:the downward 
preſſure, by a force equal to the weight of as much water. as would fill the ſpace RSMN,, 
22 ee en en, is the: 728 n 225 


„ 


- 
in 5 5 


PROP. ADE. A ben, immerſed in a as, ie it is 1 "= 
heavier than the fluid. will ſink. 55 1 . 5 | 


If the bad RSMN i is ſpecifically hongine 3 Auid, it - Feighs more HF 3 * 
of the fluid of the ſame bulk with it. Hence the column EHMN, conſiſting of the column 
of fluid EHRS and tlie ſolid body RSMN, is heavier than the fame column would be if it 
conſiſted wholly of water. But the up ward preſſure againſf MN is (by Prop, IE) equal © - 
to the downward preſſure of the column of water EHMN,: and therefore only ſufficient to 


. | ſupport the weight of that column. . It. cannot then ſupport the weight. of the heavier 3 


column, conſiſting of a fluid and a ſolid, EHMN; and that part of this column which i is : 
ſpecifically heavier than the fluid, that is, the ſolid, will ſink, with. a force equal to the 
difference of W column of fluid EHMN, and the mixed column 1 
RA. 


1 


a Feen W . 


PROP. i A body ee lights 4 the 0 in which 
it is immerſed, will riſe to the ſurface and inn EE 


If che folid R SNN be a body ſpedificatly lighter than water, the column” EHMN will Plate 
weigh leſs as it conſiſts of the column of water EHRS and the folid RSMN, than if 818. 
it conſiſted" entirely of water: Conſequently, che upwatd preſſure upon MN, which is 
equal to the weight of the column of water EHMN, will be equal to more Ds than 
that of the mixed column EHRS, RSMN : and therefore the lighter part of this column, 
that'is, the ſolid' body, will be carried upwards with a force equal to the difference of tbe 
weights of wad riod Auid EHMN, eee column * 3 „ 


PROP. XLIV.. A body which ha the: fume: 9 gravity with 

the fluid in which it is immerſed, will remain We in amy n of | 
the fluid. ita tl 1 >-/bh ORE | 
The body. RMNS den bt + 85 lime perlt e with the Bo. ah catmny EHMN mus «.. . 

_ preſſes downwards with the ſame force, whilſt this body makes a part of it, as if the TO ob 


: n conſiſted wholly of water, that i 85 a force 8 the e preſſure againſt 5 
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MN. Therefore the body RSMN, having its lower ſurface MN, and in like manner all 
its parts, preſſed by equal forces in oppoſite directions, will remain at reſt. 


Exr. Let ſmall glaſs images made hollow, and of ſpecific gravity Ginewhat les than 
water, kavidg: a ſmall orifice to receive water, ſwim in a large glafs veſſel nearly filled 
with water and covered over cloſely with a piece of bladder: by prefling the bladder with 
the hand, the air on the ſurface is compreſſed ; this preſſure is communicated to the air in 
the images, which conſequently receive a larger portion of water, and become in ſpecific 
n or heavier, and either float ene, or ſink. Kr 


PROP. XLV. A body ſpecifically heavier than the fluid in which 
_ it is immerſed, may be ſupported in it by the upward preſſure, if the 
preſſure downward be taken away: and a body ſpecifically lighter than 
the fluid in which it is menſed. ate not ro in the a; 1 the 2558 

ward preſſure be taken away. en 1 ee 


For, in the firſt-caſe, the preſſure ahh ts folid RSMN ſuſtains PR 1" weight of 1 
fluid being removed, the ſolid may preſs downwards with a force equal to, or leſs than, that of 
the column of fluid EHMN, that is, than that with which it is preſſed upwards, et 
to the degree of depth in the fluid at which the ſolid is placed. | 

In the ſecond cafe, as the upward preſſure againſt MN is diminiſhed, the downward . 
preſſure of the mixed column EHMN becomes equal e e n the e 
5 prefſure, aud the ſolid will either float in the fluid, or ſink. 


Exp. For the firſt part of the propoſition ſee Prop. III. Exp. at? Wen 
part may be thus confirmed. If a plane and ſmooth. piece of hard wood, or of cork, be 


© cloſely preſſed down by the hand upon the plane and ſmooth bottom of any veſſel, whilſt | 


mercury i is pouring-into the veſſel ; upon removing the preflure of the waere the ae 1 
preſſure of the r wil r the wood from Sag. 3353530 5 


FR OP, XI VI. ik a body floats on the ſurface of a fluid ſpecificaly 
heavicr than itſelf, it will ſink into the fluid till it has diſplaced a e + 
of fluid equal in weight to the ſolid. 


Let ptei be a body, floating on a liquor ſpecifcally RE 1 0 itſelf, it t will ank i into it, 
till the immerſed part, rn, takes up the place of ſo much fluid as is equal to it in weight. | 
For, in that caſe, ei, that part of the ſurface of the ſtratum upon which the body reſts, is 
prefied with the ſame degree of force, as it would be, was the ſpace rnei full of the fluid; 
that is, all the parts of that ſtratum are preſſed alike, and therefore the body, after OYIng,,. 
funk 0 ſar into the fluid, is in equilibrio with it, and will remain at reſt, - 355 
. | is: 


. 


_— 


ener. 'v. op SPECIFIC! GRAVITIES. 


Exp. 1. Place a of wood on a ſmall jar, exactly filled with water; a part. ob its 
bulk will be immerſed, and will diſplace a quantity of the water: take the cube out of the 
water, and put it into a ſcale, with which an empty veſſel in the other ſcale ſtands balanced ; 

then pour water into that veſſel till the equilibrium 1 is reſtored ; that | 2 41 of water Will 


YT 


Al . the jar in which the cube Was placed. 9 

Let à glaſs jar, with a weight ſufficient to d it f FE in e 0 Ws 8 
of i its is be be placed firſt in a large veſſel of water, and afterwards in one which is very 
little wider than the jar, and which has in it a ſmall quantity of water; the jar will ſink to 
> the ſame depth in both veſſels, that is, till ſo much of the veſſel is under water as is equal 
in bulk to a e of the fluid whoſe weight is equal to that of the whole veſſel. 


klence * a ein fari |eftimating) this ſpecific güte of fluids or ſolid: . 
e 05 this Prop.) the weights of the water diſplaced and of the ſolid are equal, their - 
- Jpecific gravities are inverſely. as their magnitudes that is, the magnitude of the water dis- 


i 


£1 


placed is to that of the ſolid, as the ſpecific gravity of the ſolid is o the ſpeciſie gravity. of | 


the fluid: or (fince the part immerſed i is } equal 1 in magnitude to 'the fluid diſplaced) the part 


| immerſed is to the whole, as the ſpecific gravity of the ſolid to the ſpecihe gravity * the 


Avid, - Conſequently, the greater portion of any given ſolid is immerſed in any fluids the leſs 
is the ſpecific gravity of the fluid: and with reſpect to ſolids, inverting the propoſition: as 
the hole is to the part immerſed, ſo is the ſpecific gravity; of the fluid to that of the folid : 
whence, the greater portion. of any ſolid" is immerſed in a Siren fluid, * e its 
2 5 gravity. Ane * een y et ec 2 n 188805 M e ee of. 8441 Mo : 8. Pt 9 


$1; *F3 25 
Wenn 36 26 [cent els % ent ela 4323 F {118 755 


8 
f 1 

„„ ; 

4 


" "PROP, XLVII. A folid weighs k e TIES, 


in open air, by the wei hl of a We of the fluid I. in bulk to 
che ſolid. N 1 . n 1516 I 8 ah enge, S491 


"= 1 the, body 8 the ſame Gi a dhe fluid (by Prop. XLIV.) 
it would be ſupported in the fluid by the upward preſſure. The fluid therefore ſuſtains fo 
much of the gravity of the body, or takes away ſo much of its weight, as is equal to the 
nen of that Ver zß of fluid which would fill the ae. taken up 285 the body: 


a ne Which the body de in hs Ma the ate ee een W 0 it 
weighs as much. leſs in the fuid as in * e ee a. . of ws. fluid nl 
in bulk to the ſolid. mn nth ee 
Exp. Having provided a ſolid te of lags) which iy; fills. a e eplinder of. 
*bris;” place in oe ſcale” the hollow cylinder; under the fame” ſeale ſulpend by « firing the 


$* cturte 


en $61 by. S 993, dien 4 Iz ON F e d | 


*F A 


L 


+4 ; ; N . * 5 o . : 1 N 
fI 1 . i K * 4 — of b 0 
2 p. EN 1 . - 
" , * . ; : 
5 — 
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ſolid cylinder, and balance the whole by weights ; then immerſe the ſolid oylinder in water, 
and: A be reſtored by filling up the hollow cylinder. | 


" Remarx. Tn ſtrictneſs both the ſolid and fluid ſhould be weighed i in vacuo, The error, 


| however, ariſing from the preſſure of the air is very ſmall, and may be neglected, unleſs 
' where the body to be weighed is very light, and alſo where great preciſion i is required, 


Con. 1. Hence the ſpecific gravities of different fluids may be compared, by obſerving | 


how much the fame ſolid (ſpecifically heavier than the fluids): loſes of its weight in each 
fluid ;. that fluid having the greatelt ſpecific gravity in which it loſes moſt of its weight. 
Exp. Let a cubic inch of wood, made ſufficiently heavy to fink in water, be immerſed 


ſucceſſively in different fluids; it will diſplace a cubie inch of the fluid in which it is 
_ immerſed; and fince the cube (by Prop. XLVIII.) weighs leis in the fluid, by the weight 
ee FRE I e e N wg 
ee, Kfer, e gt * 25 ; 


Con. 2. The weights which bodies loſe in any fluid are proportional to their bulks, 
- Exe.1. Two hall of equal blk on ot ivory, th one of lad will ls opal weigh ; 


in water. — 


. A ies of copper ant pie of gol bing of un weight in air the cane 
weighs the copper in water. EF $51 -630 Fu JO NATE * 
Cox. 3. If it be known what a cubic inch of any body loſes in water, the folid contents 


r N 
— SC rants Toke. F CEUDLY 17 


Exy. Weigh a cubic inch and any neus fes of wool of the am Kid, ad b- 
e ee ee 


; i ud FE 0044 ee Wendel inthe e is not perceived, becauſe than ph 
r 


PROP. B. If a and þ be the ſpecific gravities of two fluids which are 


to be mixed together; A and B their magnitudes, and c the ſpecific 
_ gravity of the compound; then A: B. G - © — a, provided the 
magnitude of the compound „„ 


RN e ee 6 


Since (by Prop. A.) the weights of bodies are a5 their ds ond. e 


conjointly, the weight of A= Axe, and that of BE ne . 


CHAP. IV. , QB. SPECIFIC GRAVITIES. 


— 


pound A FB xc; e compound muſt be equal the fan cf the weights 


of the two parts, A+Bx SANA TBN, en eee _ AO 


— Re, conſequently A : B: bc: cs. 


Exr. Let the ſpecific avity {to avoid fractions) of gold be 193 of ſilver 17, and of 
the compound 143 ee 96 fing iy 0 ons MR ae tO 
1914 141153. : 15 
Cox. Hence the ſolution of that 3 5 was en by 8 in 


order to detect the fraud of the artiſt, who, inſtead of gold, was ſuſpected of haying ſub- 


ſtituted ſilver, in the crown of Hiero, king of Syracuſe. If the proportion of the weights 
of each body is required, the ratios of their magnitudes, and of their r ſpecific gravities, wuſt 


be taken conjointly: in this caſe the weights of A and B are as a Ne: bXT=a, * 


the weight of the ſilver, is to that of the gold as 1 N 19X3*: 55: 57. 


Schor. We eaſily deduce from this chapter the methods of ing the ſpecific gravi- 
ties of any bodies, taking rain water as a Try, a * of which deins ee 
found to weigh 1000 avoirdupoiſe ounces. | Salbe 

The weight which a body loſes in arfluid, is tocits po 3 as 0 8 
of the fluid is to that of the body ; where three terms of the proportion being given, the 


fourth, is eaſily found. Ex. If. a guinea weigh in air-129 grains, and in being immerſed in 


water loſe 74 of its weight, the proportion will be 24 129 ; : 1000 to the ſpeciſiegravity 


of a guinea. By this eee eee eee Al bodies that fink in nora be. | 


found: 


Ele Etz S430 avigiog iter dr aviettt olds Swords if: 4 83anadt 


2 be as their whole weights directly, and the weights loſt inverſely. 


Gow. = ieee it e e e ee ſaw ad adi Gt. bene 


If a body to be examined conſiſt of ſmall fragments, ee e ne . 


and weighed 3 and then if from the weight of the bucket. and body in che fluid, we ſubtract 
the weight of the bucket in the fluid, there remains the weight of the body in the hd. 


Cor. 2. If EE the pc gravy of tk : 


2 | et 1275 Cog * . I fy ſy ” BE - | A. 


vill bes the weig 


"i 5 44-4 # 


Ex. er e e h . e e alt 6 rhe OE 


and'83 1 grains, therefore the ſpecific gravity of water, is to that of milk as 803 :'BJr, that 


Jie, as rege f 1.034.” OY ehe ſpree gruiey of were n i thr of ſpire | 
"I RW 857. l = Th {i 157 e205 * 18 21 7 15 74 2 188 N06 5 
| 1 n 155 2 ; Hine) ri at Av t 473 x 5 Mt. -+ 5 1 1 
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e TABLE or SPECIFIC GRAVITIES. Mie ide 
: Platina (pure) - - 23. 000 | Rr — 1 f 1 per her 5 
Peine gold 2 Pg... :- 2 Sulphur Tha 3 AE 1.810_ 
nn RD nds + Aras Sans 1.793 
"Mercury . 14. % n © Calculus bunianls 4 ENS. 1. 342 
Lead — 11.325 Lignum vitæ „„ 1.327 
ner 141,0 9 %/% Coll 1.2560 
| Standard ſilver = _ - 10.535, - 1 35 „ 1006 
TF7 
The 5 Gun metall 8.784 Brazil woda 1.03 
24 Fine braſs : [EF SS en 933, 8.350 * Box wood. Ai in 1,030 2311 
5 Steel e 7.850 24 Rain water FF 
C 7.645 1 ene 
F Living men b Nie 
Aae iron 353 wet, 25-58! TS? : Aſh- 31 5 ne iN c. 25 £511 
Loadſtone e 4.930 FOR Maple 0 | n 12198 ie * 
54 45 Diamond 343 55 — 497 f 47 177 1 Been ah : "- aft: an -700 Z 


SIN peadaed n multiplying ny rotary ation by 1000: tus the weigh of a 
8 ner FFC 1.53 ee & U 
: 8 2 Remark 2. Tf the weight of a body be knowh 1 in Seelig ounces, its wig he 
7 roy ounces will be found by multiplying it into 91 7145. And if the w weight be Biven in 
Troy ounces it will be found in avoirdupoiſe by multiplying it into . 9; 5 50 / 
RMAAE 3. Mr. Robertſon, late librarian to the Royal Society; was the gentleman 
who inveſtigated the ſpecific gravity of living men, in order to know | what quantity of 
timber would, be ſufficient to keep a, man afloat in water, ſuppoſing.that meſt men ware ; 
: ſpecifcally heavier than civer ; Water, | but the contrary. appeared to be the caſe from trials 


E: - which he made upon ten different perſons, whoſe mean ſpecific gravity Was, as expreſſed in 
- _ the table, 0.891, or about Zth leſs than common water. Phil. Tranſ. Vol. L. 

JJJJJ%VJc cc called the 

 kydroftatic balance. - 
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ech The firs ws auen, is that fluid which neapel the | 
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This appears rom experiment. „ e nit © li tied 3d e ear fs oa 


Exp, 1. The air being exhauſted, by an Air-pump, "from a gl receiver, the veſſel x n 
be 125 faſt by the preſſure of the external air. | oa 


If a fiall receiver be placed under a larger, and both be exhauſted, the larger will | 
be Vela faſt, whilſt the ſmaller will be eaſily moved. Hen 


3. If the hand be placed upon a ſmall open | veſſel, in a ſuch a 0 manner a8 0 e its PE. 
orifice, it will be held down with great force. RE 
4. The upper orifice of an open receiver being cloſely covered oh 3 piece of ade, 
upon exhauſting the receiver, the bladder will burſt, 2 
5. In the ſame ſituation a thin plate of glaſs will be broken ANA} 
6. Let a glaſs bulb, having a long neck, be put, with the neck men 
veſſel of water; put the whole under a receiver, and echauſt the air: on re- admitting the 
air, its ates the OY oy IO will IGG: riſe in the 
b via A een 
7. Pour mercury avs we cup, . date placid! Guat the upper lodbes f an a 
receiver: when the air beneath is exhauſted, the preſſure of eee —__ force che 
mercury through the wood, and it will deſcend in a ſhower. + +. biw ie 21 251 
8. On a transferrer let the air be echauſted from a long receiver; Wee e en 
admitted through a pipe, by means of a cock; the water will riſe in a jet d . 


1 
13 
„ a 1 


9. Condenſe the air within a globular veſſel, having a long neck; by blowing 5 
the Aa the W 1 the's air Wan the u * tores ow SONY: e I 
177% „ . The 
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10. The glaſs bulb and veſſel (as in Exp. 6.) being placed within a condenſing re- 
ceiver ; on increaſing the quantity of air in the receiver, the fluid will rife into the bulb. 
11. The quickſilver in the gauge of the condenſer will, ** the l preſſure of 


the air, be forced upualls in the tube. „ = OLI OMG 


12. Any quantity of air may be transferred from one veſſel to another. 
13. A thin glaſs veſſel, of a cubical form and cloſed up, may be broken in a . t 
14. Fill a glaſs tube, about. 3 Feet Jong and eloſed at one end, with mercury; then 
inſert the open end in a veſſel of mercury ; the mercury will remain ſuſpended in the tube, 
by the preſſure of the external air upon the ſurface of the mercury in the veſſel: when this 
preſſure is removed, by placing the tube and veſſel under a receiver, and exhauſting the air, 
the mercury will fink in the tube, and on re-admitting the air, will riſe. | 
15. If the ſame immerſed tube be ſuſpended from the beam of a balance, the weight 
neceſſary to countefpoiſe it, excluſive of the weight of the tube, is equal to that of the 
mercury ſuſtained in the barometer by the preſſure of the atmoſphere : for, the weight of 
the, columncofair incumbent! upoh theitubrrnot-beipgicounterbatanced hy the contrary preſſure 
from below, which is employed in bearing * the mercury within the tube, muſt B n 


- the beam. 


16. Let a barometer tube, inſtead of Cn hermetically ſealed at the top, be cloſely 
covered with a piece of bladder; the mercury will riſe to the ſame height: as in a common 5 
barometer ; and on piercing the bladder with a needle, to admit the air, it will fall. 

ScxoL. Hence the preſſure of the atmoſphere on or near the ſurface of the 8 
known: the weight of any column of air being equal to the weight of the column of mer- 4 
cury, of the ſame diameter, ſupported in the barometer. And, ſince the height of this 
column varies with the weight of the atmoſphere, the varieties in the, weight of the at- | 


18. Lr ik Ye ee Hema gals valed, and by means of 4 cock let the veſſel 
be kept exhauſted ; weigh the veſſel whilſt it is exhauſted, and when the air is re-admitted ; by 


the ende & thi welptit of 6 much air the vellel coptains which h difference will be 


F 


5 5 * % # * 3 + 1 1 1 
7 44% 'F; * 1 bo 5 = 14 
8 * SS > 3 


PROP. XIIX. "The a air - preſſes A in gy hn ah 


An 1. eee eee e ee a condenſing receiver, the cen. 2 
denſed air will make the bladder flaccid. 
- r. ß ²˙ 0, 


4 17 


- orifice; through a cork in the neck of the phial inſert a long tybe open at each end; and 


let its lower end be below the orifice in the fide of the phial. The mouth of the play 
being cloſed up about the tube, pour water into the tube till it is full; Upon opening the 
orifice, the water will be diſcharged till its ſurface in the tube is level with the orifice ; after 
GPGGGThbbTGTTGVGbTVVbT0Tb I po. 


e e wp cho water Gar ths 'aube," n 1 17 
5 . J 


CAPs 1. ob THE WEIGHT: AND PRESSURE OF AR. 


13. If 4 glaſs veſſel be filled with water, and covered with a looſe piece. of paper, on 
3 the glaſs, the water will be kept from falling; by the up ard preſſure of che air. 


If a veſſel be perforated in ſmall holes at the bottom, but cloſed at che top, the up- 
usb e water within the veſſel; = vill open then 


| ſtopping and unſtopping a ſmall hole in the top of the veſſel; - 


5. Two braſs hemiſpherical cups put cloſe together when the air between them . 


exhauſted, will be preſſed together with conſiderable force. | 


6. r 6 RACK: ana tes | 


den panes with one hand, whilſt the lead is held in the other, the air, by its upward 


preſſure, will drive back the ſyringe upon the piſton: whereas, if the loaded fyringe be 


hung in a receiver, and the air be exhauſted, 1 but upon is 


| re-admitring the air, they will again be driven upwards. 4 
E Tae e with; e bo plecdt ars BedE 
r ee eee 


* PROP. L. The eme. of the wude * at diffrent alt | 


tudes, e 


Exr. en, „ Sh ooh into 9 1g A 
© Gnall quantity of .colownd waves s let the lower end of the tube be in the water; and let 


8 


the cork and tube be cloſely cemented <0 the neck of the bottle. Then, blow through the 


tube, till che quantity of air within the phial is ſo increaſed, that the water will riſe above 
the neck of the phial. Let this phial be placed in a veſſel of fand, to keep the air within 


of the ſame temperature ; the water will ſtand at different heights in the tube, according to 5 


the elevation of the place where it is placed: men ee 


the atmoſphere varies at different altitudes. 3 5 


Con. nn 8 ee 


determined. If the difference in height of the two places where the above experiment is 


made be 54 feet, and that difference cauſe a difference of ; of an inch in the height of the 

water; it follows, that a column of water of 2 of an inch, or 77 of a foot, is equiponderant 
to a column of air of 54 feet having the ſume baſe * therefore the gravity of air to that f 
water, is as $4 to % or 864 to 1. in eftonting cy momenta of eee en Withey . - 


which-is 3720 feet perpendicular t, it was found tha hes 
: * | #3 © . # &. « £4 os 3 R ; 4 * Es & a 
+ See Art. rene Prop. vil. 3 | e eee fits 


PROP: LL - . The force wits" which the wind Reikes'upon'the! fil of 


a ſhip, the velocity of the air, and the dimenſian of the fail being given, 
wal be as the 19 88 of the coſine of * Ld of incidence. eek 


% > 4 Jon * V : 
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Amme edge towards the eye; and let a circle be 


_— drawn upon the center K 3 whence K will be the middle of the fail, and AD its length, 


If the wind blows perpendicularly againſt the fail, all the air included within the ſpace 
Fab will ſtrike upon it. MET 00D eee eee eee ee 
ſtrikes upon it, is included within the ſpace HBEI. 

| Mie were polite that the fall Med be Bruck wich the fume quantity of aiv in the per- 


pendicular poſition AD as in the oblique poſition BE, yet the quantity of the oblique ſtroke 
would be to the quantity of the direct ſtroke (by Book II. Prop. XIX.) as the coſine of in- 


cidence to the radius, that is, fince (ſuppoſing LK drawn parallel to BH, the direction of 
the wind, and BC perpendicular to KL) FF 
LKE, and BL. its coſine, as BL to AK. 

Again, if it were poſſible that chi een er the it upon the fail BE fhould be 


equal to the direct ſtroke upon AD; yet, the column of air which ſtrikes upon the fail 


directly, having AD for its baſe, and the column which ſtrikes obliquely, having BC for its 
baſe, the quantity of air which ſtrikes obliquely, is to that which ſtrikes directly, as BC to 
AD, that is, as BL to AK; but the velocities in either caſe are ſuppoſed to be the ſame: 
tot tenet wege vw r, deer oe anime et nents of 
matter, that is, as BL the coſine of incidence to AK the radius, 

Thus, the force with which the wind ſtrikes the ſail BE obliquely, is to the force with 
which it ſtrikes an equal fail AD directly, as BL to AK on two accounts; firſt, becauſe an 
oblique ſtroke is to a direct ſtroke in this ratio; and ſecondly, becauſe the quantity of air 
which ſtrikes the oblique fail is to that which ftrikes the dire& one in the ſame ratio. Con- 
ſequently, upon both accounts together, the oblique force is to the direct one as BL NL to 
AK x AK, or as the ſquare of BL the coſine of incidence to the ſquare of AK the radius. 


But, the length of the fail, or AD being given, AK the radius is a given quantity. There- 
fine con irath hoon e e ys," r eee 


e 
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-PROP, LIL. The ir is an daftic fuid, or capable of 


and expanſion. | 


Exx. 1. A own dat, vn v.. will mum nde frm which hd 


before the preſſure, - 
'' A flaccid bladder, WOE DRIES, whin the exenal air is exhauſted, becomes 


pita mad the internal ir. 


„„ „„ 2 


cHAP; 11. of THE EVASTICITY AIR. 


3. A 1 within the receiver, with a ſmall welght hanging boss in which 
touches the bottom, when the external air is exhauſted, e the internal 
. will raiſe the weight. 23 
4. The bladder being put into «>a and a waht laid upon "the u, the "weight, on 
uſting the air, will be lifted up. 


5. If a tube, cloſed at one end, bn ined oc in ee en a ed wing {OV 


in the tube will not riſe to the level of the water in the veſſel, being reliſted by the eliltio 


ery of the air within the tube, On this principle the diving bell is formed. 
6. If a bladder be incloſed/In 2 glaſs veſſel fo cloſely that the air un ved weste 


| che eee but the air within the bladder communicates with the external 
air through the neck of the veſſel; the external air being exhauſted, the bladder will be 


cloſely preſſed by _ air i in the veſſel; a when the” air is s re-admitted, ts very: wilt * 
diſtended. 1 


7. A ſhrivelled appls under an exhauſted receiver, will bare its coat diſtended by the 7 
de an | 


ernal air. 1 
: 74 In the ſame ſituation, hes air contained in a freſh E will eber i its conter 
orifice made i in its ſmaller end: 2 
9. On green vegetables, and other fubſtances placed in a veſſel of water Ark receii 
whilſt the air is exhauſting, bubbles will be raiſed by the expanſion of the internal air. 


1 


10. Beer, a little warmed, will, "from the ae cauſe, you the internal air is exhauſt | 


in 8˙ haye the appearance of boiling. bs 
11. Let a cylindrical piece of wood (made juſt ſpeci ally heavice wil Ger by ken 
ing to it a fmall plate of lead) be placed in a veſſel of water under a receiver: upon exhauſt- 


ing the air the wood will fwim ; ſome particles of air eſcaping from the wood, IE 


— its ſpecific gravity, 

12. The bulb inſerted ina veſſel of (ln Prop: XLVIII. Exp. 6.) being vearly 
filled with water by exhauſting the air, on its re-admifſian, the air ithin- the bulb, by its. 
ni, will expel the water froit#the bulb. 

13. Place a double transferrer upon n a pee with two receivers; enbauſt one 
receiver ; then open the pipe between the two receivers; and the air in the diner hauſted d 


ceiver will, by its elaſticity, be in part driven into the exhauſted receiver; and both re- 


_ ecivers will have equal portions of air but this air will be rarer in both enen, 
11 enen nme ease Re al; 
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ie remains at reſt, — defi cox; mite; be 8 
; leſs than this force, that is, muſt be equal to it. | 


Exy. Let the air be exhauſted F 
veſſel containing a ſmall quantity of mercury, and let che air within the veſſel be prevented 
from eſcaping; this air, by its elaſticity, will force the mercury up the tube nearly to the 
GG WL 


PROP. LIV. The ſpace which any given quantity. of air flls b ins 


verſely, and its denſity directly, as the force which compreſſes it, 


a 


Exe. Let there be a bent tube of the form lg, open at i and cloſed at g. Let a ſmall 
portion of mercury be at the bottom Ii. Then gr is filled with air compreſſed by the weight 
of the atmoſphere, equivalent to the weight of a column of mercury about 293 inches in 


height. If more mercury be poured into the orifice x, the weight of this mercury is an 


additional comprefling force acting upon the air ig. Since (by Prop. V.) the columns of 
equal heights I, hi, balance each other, the air in the ſpace gi, is preſſed both by the weight 
of the atmoſphere and the column a. If therefore zl be 291 inches, the air in gi is preſſed 


; with double the weight of the atmoſphere, or with two atmoſpheres ; and it will be found, 


that it will be compreſſed into the ſpace gh, half the ſpace which the fame quantity of air 
took up when ĩt was preſſed only with the weight of the atmoſphere : therefore the ſpace is 
inverſely as the compreſſing force. . And its. denſity (Def. V.) is inverſely as its bulk, or 
the ſpace filled by it. Since therefore, both the comprefling force and the denſity of the air 
S : 


DROP: AV; The air. end ef prnicks, mhich repel each ber 
JJ Waoey" 00 or ounces heron thr eons. 


eee . 2id-les partials at equal 


- diſtances from each other: for if the diſtances are unequal, where it is the leaſt, the re- 
© pelling force will be greateſt, and the particles will move towards the: fide where there is 


les repulſion, till the forces become equal, that is, till the particles are equally diſtant, or 
the fluid becomes every where of the ſame denſity. Suppoſe, then, two equal cubes of air, 
A and B; it is manifeſt, from the nature of the cube, that the number of particles in the 
whole maſs A is equal to the cube of the number of particles in the line de; and, in like 
manner, that the number of particles in the maſs B is equal to the cube of the number of 
particles in the line hi. And the denſuy of theſe two equal cubes of air A and B will be as 
the number of particles contained in them. Fhereſore the denſity of the: cube A is to the 


4 r 


CHAP. i. OF THE ELASTICITY: OF AIR. 


he number of particles in each, bee e ee 
chat is, vil be inverſely as thoſe diſtances. Whence, the cube of the number of particles 
in de, hi, will be inverſely as the cube of the diſtance between their centers. And it has 

been ſhewn, that the denſity of the maſs A is to the denſity of the maſs B, as the cube of 
the number of particles in de to the cube of the number of particles in hi. Therefore the 


denfiry-of A is 0 the deaſity of By inverſely as the cube of the- diſtance berween the centers 


n, 
E . 25 defy; is preſſe clofer-to the farkice 


nent beyond it. And the repulſion of the ſurface dit againſt the ſurface" next 'beyond it | 


will be (all other circumſtances being equal) as the number of repelling particles in that 
furface, that is, as the ſquare of the number of particles in the line di. But the number f 
particles in the line de is inverſely as the diſtance between their centers. Therefore the 


ſquare of the number of particles in de, that is, the number of repelling particles in the 


ſurface deſg, that is, the repulſion of this ſurface againſt the next beyond it, is inverſely as 
the ſquare of the diſtance between the particles. Again, where the number of  particl@ in 


each ſurface is given, if it be ſuppoſed that the particles repel each other with a force which 
is inverſely as the diſtance between their centers, ſinee the furfaces are at the ſame diſtance 


from each other with the particles which compoſe them, the repulſion of the ſurfaces muſt ' 


be in the ſame ratio. Thus, the repulſion in the maſs A is to that in the mas B, inverſely 
as the diftances of the particles, if only their approach to each other be conſidered. And 
it has been ſhewn that the repulſion is inverſely as the ſquare of theſe diſtances, if only the 
number of particles be conſidered. "Therefore on both accounts taken together, the repul- 
fion is inverſely as the cube of the diſtance of the particles. And (by Prop. LIII the 
| compreſſion is as the repulſion : RN ,, Rn. 
diſtance of the particles. 25 

Now it was ſhewn above, that the denſity of A is to the denſay of B, invetſely ab 
cube of the diſtance of the particles. Therefore, when a fluid conſiſts of particles which 
repel each other with forces inverſely as the diſtances between the centers of the particles, 
the denſity of the fluid will be as the compreſſing force... But it was ſhewts (Prop. LIV.) 
that the denſity of the air is as the comprefling force. Therefore the air conſiſts of particles 
which repel each other with forces which are inverſely'as'the diſtances between their centers. 


Scuol. From the dodtrine of the elaſticity of the ar, the phamomens' of Sound may | 
be explained. 
When the parts of an — ints'a/tremitlous murizn; by papcaliliay te © 
he like, as long as the tremors continue, ſo long is the air included in the pores of chat 
body, and likewiſe that which preſſes upon its ſurface, affected with the like tremors and 
agitations. Now, the particles of air being ſo fur compreſſed together by the weight of the 
incumbent atmoſphere as their repulſive forces permit; it - follows, tat thoſe which are 
immediately agitated by the reciprocal motions of the particles of the elaſtic body, will, in 
broad nn R 
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hereby-cauſe them to be more condenſed than they were by the weight of thei | 


atmoſphere, and in their return will ſuffer them to expand themſel ves again: henee the like 


tremors. and agitations will be propagated to them; and fo on, till having arrived at a certain 

diſtance from the body, the vibrations ceaſe, being gradually deſtroyed by ER ws 

ceflive propagation of motion: to freſh! particles of air throughout their progreſs. - | 
Thus it is that ſound is communicated from a tremulous body to eee 


Each vibration of the particles of the ſounding body is ſucceſſively propagated to the parti 


cles of the air, till it reaches thoſe which are contiguous to the tympanum-of the ear, (a fine 
membrane diſtended acroſs it) and theſe particles, in performing their vibrations, impinge 
upon the tympanum, which agitates the air included within it; which being put into a lie 
tremulous motion, altefts che auditory netve, and thus excites in ty m_ u er 
idea of What we call ſundl. 

Now, eee eee deen od at is e eral inevcgy 
way; it follows; that when any one approgehes a number of others, it not only--repels 


 thaſe which lic before it in a righe line, but the reſt laterally, according to their reſpective 


ſituations ; that is, it makes them recede every way from itſelf, as from a center.” And 
this being true of every. particle, the tremors will be propagated from the- founding body in 
ing themſelves. by. paſſing through a tube, or the like, will, when they have paſſed through 
it, ſpread themſelves from the end in every direction. In like manner, thoſe which paſs 
through a hole in an obſtacle they meet with in their way, will afterwards ſpread them- 
ſelves from thence, as if that was the place where they began; fo _ n e 
W whatever, that is not at too great a diſtancee. 

The utmoſt diſtance at which ſound of any kind, has been heard e Wee whichis 
Gaid to have been obſerved in the war between England and Holland, in the year 1672. The 
watch word, MPs well, given at New Gibraltar, was heard at the Old, a diſtance of 12 
miles. In both theſe caſes, the ſound paſſed over water, which with reſpect to conducting 
ſound, is of the greateſt conſequence. By an experiment made on the river Thames, a 
perſon was hrard to read diſtinctiy at the diſtance of 140 feet on the water, on land at that 
of 76: in the latter caſe no noiſe intervened, but in the former there was ſome occaſioned 
by che flowing of the water againſt the boats. Watermen obſerve, that when the water is 


fill, the weather calm, and no noiſe intervene, a whiſper may be heard acroſs the river. 


After water, W dee e the ſame 


properties as ſtone. _ 


| Since the repulſive * a, 7... 
wilt", their diſtances (by Prop. LV.) it follows, that when any particle is removed out of 
its place by the tremors of a ſounding body, or the vibrations of thoſe which are contiguous 


to it, it will be driven back again by the repulſive force of thoſe towards which it is im- 


pelled, wich a velocity proportional to the diſtance from its proper place, becauſe the velocity 


* 
| 1 


cnxv./n, Of THE ELASTICITY OF AIR. 
ſmall, it will return to its place in the ſame time; for the time a body takes up in moving 


from place to place will always be the fame, whilſt the velocity it moves with is proportional 


to the diſtance between the places. The time therefore in which each vibration of the air 


is performed, depends on the degree of repulſion in its particles, and ſo long as that is not 


altered, will be the fame. at all diſtances from the: tremulous body: conſequently, as the 
motion of ſound is owing to the ſucceſſive propagation of the tremors of a ſounding body 
through the air, and as that propagation depends on the time each tremor'is performed in, it. 
Blows, that the velocity of found varies as the elaſticity of the air, but'continges the fame | 

| The velocity of found, e Me. Dawa; is at the rate nE — 
of time. Hence, with a ſtop watch, may be eaſily eſtimated the diſtance of thunder, for by 


multiplying the number of ſeconds between the flaſh' and clap of thunder by 1742, the FE 


diſtance is given in feet. Or thus, perſons in good health have about 75 pulſations 'at-the 
wriſt in a minute, conſequently, in 75 pulſations, ſound flies about 13 miles, that is, one 
mile in about ſix pulſations. Example. On ſeeing the flaſh of a gun at ſea, 54 pulſationt 
nemme 
is # = 9 miles. is 5 

| . ccc i wt 
in all dirsQions from-the "founding buy it will frequently happen, that the air} in per- 
forming its vibrations, will impinge againſt various objects, which will reflect it back, and 
ſo cauſe new vibrations the contrary way; now, if the objects are ſo ſituatedʒ as to reſſect 
a ſuſficient number of vibrations hack to tho ſame place, the ſound will be there repeated; 
and is called an echs, And, the greater the diſtance: of the objects: is, the longer will be 
the time before the repetition is heard. And when the ſound in its progteſs meet wich öb⸗ 
| jects, at different diſtances, ſuſfcient to produce an echo, the ſame ſound will be repeated 
ſeveral times ſucceſſively, according to the different diſtances of thaſe .objeQs from the 
mm e eee 
than in the day. 

10 16 ako vidoations of abs e later eee Sill be 
continually reverberated from the ſides of the tube into its axis, and by that means prevented 
from ſpreading, till they get out of it; nnn EN POIN 
ſound rendered much louder than it would otherwiſe be; as in the Sprating Trumpet, - 


The. difference of mufical tones depend on the different number of vibrations communis 


cated to the air, in a given time, hy he on of OI OPT. cker 
e the yibencians is, the youre b 2696, upd the . . 58 


rnor. LI. The elaſticity of - air is 5 increaſed by wg: wech 


Ear. Te the bottom of a belle, gla6d bell MEIN in es 1 
ri of mme the external 


8 : Va 


fy retort 5 
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ſurface will be preſſed by the weight of the atmoſphere and the internal ſurface will be 
equally prefſed by the ſpring of the air incloſed within the veſſel. If the ball be immerſed 
in boiling water, the increaſed elaſticity of the included air will raiſe the mercury in the 


mall tube. The fame may be ſhewn by immerſing in boiling water a tube, cloſed at one 


end, into which a ſmall quantity ee, , eee W e e 
— | 


Ces. +. The Wind is ae ayer „ ts 
lobe. The principal cauſe of the wind is, that the atmoſphere is heated over one part of 
the earth more than over another. For, in this caſe, the warmer air being carefied, becomes 
ſpecifically lighter than the reſt ; it is therefore overpoiſed by it, and raiſed upwards, the 


upper parts of it diffuſing themſelves every way over the top of the atmoſphere ; while the 


neighbouring inferior air ruſhes in from all parts at the bottom; which it continues to do, 
till the equilibrium is reſtored. br ©: 35, Ut con of, the. OO: oar.fe 
accounted for. | 

e e fromithecent adit For, 
D ²˙ ˙UI T. cis wi tains Bude. 
there ; and conſequently, the neighbouring air will ruſh in from every quarter with equal 
force. | But, as the ſun is continually ſhifting to the weſtward, the part where the air 
is moſt rarehed, is carried the ſame way; and therefore the tendency of all the lower air, 


taken together, is greater that way, than any other. Thus the tendency of the air towards 


the weſt, becomes general, and its parts impelling one another, and continuing to move 
till the next return of the ſun, ſo much of its motion, as was mme 
reſtored, and therefore the eaſterly wind becomes perpetual. : 

On each fide of the Equator, to about the thirtieth degree of latitude, who with is found 
to vary from the caſt point, ſo as to become north-eaſt on the northern ſide, and ſouth-eaft 


on the ſouthern. The reaſon of which is, that, as the equatorial parts are hotter than any 


other, both the northern and ſouthern air ought to have a tendency that way the northern 
current, therefore, meeting in this paſſage with the eaſtern, produces a north-eaſt wind on 
r 
forms a ſouth-caſt wind there. 

This is to be underſtood of open ſeas, and of ſuch parts of them as are diſtant from the 
land ; for near the ſhores, where the neighbouring air is much rarefied, by the reſlection of 
the ſun's heat from the land, it frequently happens otherwiſe ; particularly on the Guinea 
coaſt, the wind always ſets in upon the land, blowing weſterly inſtead of eaſterly. This 
is becauſe the defarts of Africa lying near the Equator, and being a very ſandy foil, reflet 
a greater degree of heat into the air above them ; which being thus rendered lighter than 
that which is over the ſea, the wind continually ruſhes in upon the land to reſtore the 
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That part of the ocean, which is called the Rains, is attended with Face calms, the 
wind ſcarcely blowing ſenſibly either one way or other. For this tra& being placed between 
the weſterly wind blowing from the ocean towards the coaſt of Guinea, and the eaſterly 
wind blowing from the ſame coaſt to the weſtward thereof, the air ſtands in equilibrio 


between both, and its gravity is ſo much diminiſhed thereby, that it is not able to ſupport - 
the vapour it contains, but lets it N continual rain, anne 


5 has its name. 


There is a ſpecies of 1 cblervable in 40 1 within the 1 called by the | 
ſallors Monſoons, or Trade Winds, which, during ſix months of the year, blow one way ; ; 
and the remaining fix the contrary. The occaſion of them in general is this: when the 
ſun approaches the'northern Tropic, there are ſeveral countries, as Arabia, Perſia, India, &c. 
which become hotter, and reflect more heat than the ſeas beyond the Eguator, which the - 


ſun has left ; the winds therefore, inſtead of blowing from thence to the parts- under the 
K quater, blow the contrary way: and when the ſun leaves thoſe countries, and draws near 
the other Tropir, the winds turn about, and blow on the oppoſite point of the compals. 


From the ſolution of the general trade winds, we may ſee the reaſon, hy in i *4ag LG 
ocean, a little on this ſide the thirtieth degree of north latitude, there is generally a weſt, 


or ſouth-weſt wind. For, as the inferior air, within the limits of thoſe winds, is conftantly 


ruſhing towards the Equator, from the north-eaſt point, or nearly fo, the ſuperior air moves 5 


the contrary way; and therefore, after it has reached theſe limits, and meets with air, that 


T ²˙ D——ĩ—T—̃ ͤ 8 


move in the ſame direction with itſelF, 


In our own climate, we frequently experience, in calm weather, cone breezes blowing | 


from the ſea to the land, in the heat of the day: which phænomenon is very agreeable to 


the principle laid down above: for the inferior air over the land being rarefed by the beams 
of the ſun, reflected from its ſurface; more than that which impends over the water, the 
latter is conſtantly moving on to the ſhore, eee ans! this Mae law Whos not 


diſturbed by ſtronger winds from another quarter. | 
From what has been obſerved, nothing is (ts help in eee 


12 


and ſouthern parts of the world, beyond the limits of the trade winds, are ſubject to fuch _ 


variety of winds. For the air, upon account of the leſſer influence of the ſun in thoſe 


parts, being undetermined to move towards any fixed point, is continually ſhifting from 
place to place, in order to reſtore the equilibrium, wherever it is deſtroyed, by che heat of 
the ſun, ROE Oe ee ee SO OR IN W Eh 


other circumſtances, 1 ls 0 RES. of 
Ex. Fill's be ee ed watery IS 


with warm water. The firſt will repreſent the ocean; and the other an iſland, rarefying 


the air above it. Blowout a war candle; and if the place be ſtill, on applying it ſurreſſively 


e the ſmoke will be ee, _— if the 8 


R 9 + a 


— 
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ambient water be warmed, and the plate filled with cold orator, let the 2. ng m_— of 
nne mee the ghee, and the contrary will happen. 


Schor. 2. Heat expands all bodies, ſolid as well as fluid. 


Exe. ly 2. Water may be rarefied into tram, and will become exceedingly elaſtic, ding 
wich great power, as in the colipile, and in ſteam engines. See Art. x. Prop. Lviz. 


3. Metals expand by heat, and the degrees of their expanſion are meaſured by the 
PYROMETER, which is an inſtrument invented to render the ſmalleſt. expanſions ſenſible. 
Various machines have been contrived for this purpoſe, by Ferguſon, Deſſaguliers, De Luc, 
&, but the general principle may be thus illuſtrated. Let abc be a lever, whoſe fulcrum is 
b, acting upon another ſever cde, whoſe fulcrum is 4, this again acts upon a third lever %, 
Whoſe fulcrum is f, and let x be a metallic rod, one end of which reſts againſt an immove- 
able obſtacle P, and the other end againſt the lever abc, at a. If a lamp be put under this 
rod, the heat wilt encreaſe its "ow. pt ku put the levers i in motion: now bes the principle 


or the lever, Au 


EIT OY N: e Ki 

„ „ :: ed: de | 

MT Vel. of : Vel. of s : F fe. 2 
Therefore Vel. of a: Vel. of yz: - ab xe xof : be x de x g. 
> Hence, if ab, 4 ef, be ſmall in proportion to bc, de, g, a trifling increaſe in the length 
+ will produce a very conſiderable motion in 8 point HS. which may be meaſured upon the 


Saunen arc y2, | 


Exa. If. da 1 I, Wont wa ea pes dan. 15 then if the rod 


encreaſe but the 337 5th part of an inch, the point g will deſcribe 1 inch, conſequently, by, 


dividing. each inch in the, graduated are into 20 parts, an expanſion in the rod of leſs * 
60 thouſ; th, part of an inch. eaſily becomes viſible. ; 

Mr. F erguſon found the expanſion of metals to be in, the following, proportion; iron and 
ſteel 35 copper 44 3 braſs 5; tin 63 and lead 7. An iron rod 3 feet long, is about v of an 
inch longer in ſummer than in, winter. See Ferguſon's Lee ee 


; Deſſaguliers Exp. Phil. Chambers's Cyclopzdia,, by Dr. Rees 


4. Mercury, expanding or contracting by — -ext.in_the ir 
made the meaſure of heat, in thermometers. See Hart. VIII. PROP, LYM,, 

--SCHoL.2--* Itiis found by experiment, that air eee e es exiſtence of a of 
animal life, of fire, and of exploſion. ; % 488 

Exr. 1. Let a bell ring under an exhauſted receiver, ede gef | 
2 Let # lighted candle be-extingugſhed under a receive. 

. Let unde ll pn rl bt rn pace wii a ea cnet. 


rs - bh . is, . Senot. 
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ScuoL. 4. The elaſticity of the air affords a method of determinitig the depth of the 


ſea where a line cannot be uſed. _ 33 
A wine glaſs immerſed i in water with its ld downwards will ack become Alles, "a 1 8 


cauſe tie ſpring of air will prevent the water from « entering oy a certain point. The 
eats belt is conſtructed 6 on n this a es 7 | 3 


: : . 
* "7 


Ro. LVII. 'To explain the nature. and uſe of nd Hydra | 
4 Pr loſtruments. abt eat e ee 


1, The einn e e 0s als 46 Son SN 

| Let DEC be a/bended tube, l one 9 1 ard une; Tas: Gahan eve. 
uſed for drawing off liquors, is 'called the ſyphon. If the ſhorter leg of the cube he inn. 
ſerted in a veſſel of fluid, and if by ſucking with the mouth a vaduum be preduesd in the - 
tube, ar if the tube be filled with the fluid before it is uſed, the fluid will run of from 
the veſſel. The cauſe of which may be thus explained: the oriſioe C, of the longer leg is 
expoſed to the preſſure of the atmoſphere : alſo, fince the fluid within dhe ſherter leg 1s 

| ſupported by the ſurrounding fluid in the veſſel, the preſſure upon the orifice D is that of 
the atmoſphere. The two equal orifices are then acted upon hy equal preflures7 the differ- 
ence of the lengths of the columns of atmoſphere being too ſmall to cauſe any perceptible - 
difference in their preſſure. But theſe equal preſſures are counteradted by the preffures of 
two unequal columns of fluid ED, EC. If, therefore, the preffiires of the columns of at- 
moſphere be more than ſufficient to balance thoſe of the columns of fluid, that which ads | 
with the leſſer force, that is, the lefſer column DE is more preſſed againft the column CE, 
than the column CE is preſſed againſt DE at the vertex E. Conſequeatly, the coſumn 50 
muſt yield to the greater preſſure, and flow off through the orifice C. HS 


Exe. t. Draw off water by a ſyphon. 

2. Whilſt mercury is paſſing off from veſſel by a phony le th i be der from. 
the veſſel, and the fluid will ceaſe to run. | 

3. ae, are natural ſyphons. 1 0 i = 0 


—_— 2 
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| | Leys tld ephbrad KT Da di a 
ſolid cylinder ſo exackly fitted to the tube, that'no alt ean paſs Hong its fides, and ft a = 

| handle to the ſolid cylinder. If that end of this inſtrument inen has the Tirialler orifice, 

be inſerted in water, and the ſolid cylinder, or piſton, be drawn back, a*vacuurt” wil be 

produced within the ſyringe ;, and the. preſſure of the atmoſphere-on the ſurſact of the water, 
meeting with no oppoſite preſſure, will force. the water ney W e eee 

| RT expelled, by puſhing downuthe aloe irs hs cid oath; 
| | Ba. EL it. The, 
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III. The Common Pume. 


In this uſeful inſtrument, a handle, adding upon a pin as a lever of the firſt kind, draws 
up a piſton AD, fitted to the ſhaft or barrel of the pump, as deſcribed in the ſyringe. This 


- piſton has an hole, over which is a valve of leather, loaded with lead, opening upwards. 


Towards the lower part of the ſhaft is inſerted a plug C, which alſo has in it a hole, and a 
valve which opens upwards. - When the piſton, or ſucker, is drawn up from the plug, a 
vacuum is produced in the ſhaft between D and C, into which the air contained in the lower 
part of the pipe expands itſelf. By repeated ſtrokes the air eſcapes through the upper valve, 
and the vacuum becomes fo perfect, that the external air, prefling without counteraction, 
upon the ſurface of the water, in the well or reſervoir in which the ſhaft is ſuppoſed to be 


- inſerted,” forces the water through the valves at C and D, into thè ſpace AD; from whence 


it is prevented from returning downward, by the valves, which are cloſely preſſed down by 
the incumbent fluid. If therefore the handle be repeatedly lifted up, the column of water 
will- increaſe upon every ftroke, till it riſes to the level of the ſpout, and is diſcharged. 


But if the height be more than 34 feet, the water cannot be raiſed : eee v e 


e pee, wegen hg name 


IV. The Foxemc ende. 
'In this pump, the piſton is one entire cylinder, as in che hk The water is raiſed 


into the pipe between A and D, as in the common pump: from hence it is forced, by the 


downward preſſure of the piſton, or forcer, through a tube inſerted in the fide of the main 
ſhaft. TREE PTY eee of 7139, eee the oth Top Ang nt 
when a ſufficient quantity is raiſed, it is diſcharged by the ſpout. I; 

The common engine for extinguiſhing fires conſiſts of two ſuch 5 pumps, which. 


_ convey the water into a reſervoir made air-tight, into which a pipe is inſerted. As this re- 


ſervoir fills with water, the air within it is proportionally condenſed, and therefore forces 


A ie by leathern pipes. 


V. The Convenses. 


Ti inflrument, which is aſed-to force air into any veel, i 6 ines ates « ks 
piſton, and a valve in the lower part of its barrel which opens downwards. By thruſting 
down the piſton, the air is forced through the valve, which is afterwards held cloſe by the 
elaſticity of the condenſed air. When the piſton is lifted up, a vacuum is produced, till 
F mr et tear e 


through the valve. 
ARTIFICIAL Forwranes are formed by the * of a e which throws any | 


quantity of air into a veſſel in part filled with water; which, by nme Wer | 


„ e OREN A Correo ee 


x The 


Ane ſet eee Wr, 
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The Alx-Gom is an inſtrument, in whe form of a gun, by hath « 2 ity of aden 4 
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VI. The Aln-PUAr. 1 | 

This inſtrument, the uſe of which is'to elit the * Witt LS elel, bas two FEE ta. 
barrels A, A, which communicate with a cavity in D; within e of e near the '& = 
bottom, is fixed a valve opening upwards, and two piſtons, one in each barrel, having a 
valve which likewiſe opens upwards. Theſe piſtons are moved by, means of a cog-wheel 


in the piece T'T, to the axis of which the handle B is fixed, and whoſe teeth catch in the | 


racks of the piſtons CC, and move them upwards or downwards: POR is a circular braſs 
plate, having at its center the orifice K of a concealed pipe that communicates with the 
cavity. In the piece D at V is a ſcrew that cloſes the orifice of another pipe, for the ; 
purpoſe of admitting the external air when required. Upon W is placed the ſhort barometer 
gage for the purpoſe of ſhewing the degrees of exhauſtion. When the handle is turned, 


one of the piſtons is raiſed, and a vacuum produced in its barrel. By means of the pipe, 


which paſſes from the orifice K in the plate upon which the receiver L. M, or veſlel to be 
exhauſted, ſtands, to the part of the barrel beneath the lower valve, the air contained in the 
receiver, communicating with the barrel, raiſes the lower valve by its elaſtic ſpring, and 


expands into the vacuum. Thus a part of the air in the receiver is extracted. By turning 
te handle the contrary way, the ſame effect is produced in the other barrel; whilſt the firſt 


piſton, being depreſſed, the air which had paſſed from the receiver is compreſſed, and eſcapes 9 
through the valve in the piſton. This operation is continued till the air is nearly exhauſted -. --- 
from the receiver : for it can never be perfectly exhauſted, fince at each ſtroke only ſuch a T 
part of the air which remained is taken away, as is to the quantity before the ſtroke, as the 
capacity of the barrel, wo thee of (the cooper pu AIG: hos, Wn mh wy 
be eaſily proved in the following manner. 65a Ih 
Let R = the content of the receiver and pipe, B - the content of the 8 = 5 
If L 2 - the quantity of air in R before the ſtroke, and / = the quantity exhauſted by 
it; and ſince, the piſton being raiſed, the air is F diffuſed through R and B, and | 
that in B extracted by the ſtroke, conſequently L; I R+B: Bor J: L: B: R+B, 
that is, the quantity of air extracted, is to the quantity before the ſtroke, as | the capacity of 
the barrel, is to that of the receiver, pipe and barrel taken together. 555 „„ 


Con. I. Let L, M, N, &c. be the quantities of air, beore any fuceſive ue; PAL 
#, &c. the quantities exhauſted by each-ſtroke; and L : L:: R+B:B::M:m::N:im 
&c. by diviſion L: L- (M) :: M: M- (N) :: N: N= (O) &. or L:M:: CER 


M ;N::N: ©, ke. therefore L, V, N, &c. are in decrealing geometric progreſlion, whole | 


comnion ratio is that of 4B R. If R=2B, then RT. Nera mM 


OT, Fn. Th 
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Con. 3. Since L.: A3 62 m; M: N:: 1, &c. 1, m, #, &eœ. are in a de- 


ee e b Abet f RB. R. I as in the | 


Laſt Cor. RB: R: n e rÞ6 4 


Fr Ke. 96 ene en 1 
Cor. 5 R be to B in any finite ratio as 3; 2, the receiver can never * 2 
exhauſted by any finite number of turns, for let the number of turns be n, and Q the la! 
remainder, then Q=L 2 2 ſuppoſing L to be the dud of air in TOES 
Why ee Gor fr 64 Gar ; 5 


vn. The anche rer. N 5 8 


(1) If a glas globe . det hdtice# ot" cine ed ee en 0 
mitting the air the globe preponderates. This experiment not only, i in common with e 
beforementioned, ſhews that the air has weight, but alſo what that weight is. The denſity 
of air was found, by Mr. Haukſbee, to be 86 times leſs than that of water, when the 


| barometer ſtood at 29 inches. Hence, as a eubie inch of water weighs 253.18 grains 


Troy, a cubic inch of air weighs 0.286 grains. And if mereury be 14 times ropes d wer | 
water, the ſpecific gravity of air is to that of mercury 1 to 885 * 142 12390. 
(2) If a glaſs tube AB, of about 32 or 33 inches long, hermetically ſealed at one end, 
be filled with mercury, and then inverted into a baſon D of the ſame fluid, the mercury 
in the tube will ſtand at an altitude above the ſurface of that i in the baſon between 28 and 31 
inches. A tube thus filled, and graduated from 28 to 31 inches, is called a barometer. 
The height of the mercury in the tube above the ſurface of the mercury in the baſon is called 

the ſtandard altitude, which, in this country, fluctuates between 28 and 31 inches; and 
the difference, between the greateſt and Jeaſt altitudes, is called the ſcale of variation. 


| Now the mercury in the barometer tube will ſubſide, till the column be equivalent to 
the weight of the external air upon the ſurface of the mercury in the baſon, and is there- 


fore a true criterion to meaſure that weight, and chiefly directed to that purpoſe, in ordex. 


to foretell the changes in the weather. 


If each inch of the ſcale of variation AD, Abs; 5. 3 larger for tk of perpiculty) | 
be divided Into ten equal parts, marked 1, 2, 3, increaſing upwards, and a vernier LM, 
whoſe length is 4Zths of an inch, be likewiſe divided into ten equal parts, encreaſing down- _ 
wards, and ſo placed as to flide along the graduated ſcale of the barometer, the altitude of 
the mercury in the tube, above the ſurface of that in the baſon may be found, in inches and 
hundredth. parts. of an inch, by this proceſs, If thefurface'E of the 1 mercury in the tube do. 
not-coincide with a diviſion in the ſcale of variation, place the index of the vernier/M even 
TR and obſerving. where a diviſion of the vernier coincides with one of the 

3 | 9 ; ſcale» 
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to the tenths immediately below the index. If the ſurface of the mercury be between 6 
and Itenths aboue 30, inches, and the index of the vernier being placed even with it, and 
the figure 8 upon the vernier coincide with a diviſion upon the ſcale, the altitude of. the 
barometer will be 30 inches , and 288 of an inch : for each diviſion of the vernier being 
greater than that of the ſcale by rg of an inch, (for the tenth. part of a tenth of an inch is 
the hundredth part of an inch) and there being eight diviſions, the whole muſt be ,5, of an 
dan above the number 6 in 8 the” "ale," and the * of the PT, is therefore 30.68 


* 8 3 * 
4 117 1 1 145 . AS 3+ * 


* 


Com 25 | if hy Rx" ata were thei, its altitude would be eakily 
found. For by the former part of this article; whit "the" mercury” ftood at 20 inches, the 
denſiey of the air was to that of mereuty a8 1 to 12390; confequetitly, che altitude of an 
bomogeneous atmoſphere would be 60 41 to 12300 x 291 25.77 miles. The real height of 


the atmoſphere mar be determined"fi aun e e end by "Org. "bee Book” \ 


gn nn ian XV UTIGELD: 
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Con. 2. The 3 4 hab Pe Pr „ Ce. of ks 
mountains, &c. Since 12390 inches of air, near the ſurface. of the earth; is equal to one 
inch of mereury ; 1239;inches, or about 10g feet of air, muſt be equal to 15 of an inch of 

Tberefore if a barometer: be carried up any great eminence, the mercury will 


ce ok, an inch for every 10g. feet that the barometet aſcends! This corollary! ſup- 
paſes that the atmoſphere near the ſurface of the earth ia every here of the ſame denſity, 


ich is ſo far from being true; that the concluſions drawn from the ſuppolition deviate 


from fact even in ſmall e as 0 from the neee ee ae de . | 


Nerdma,: Ay VHS * 1 is | 
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5 . 0, Halba ans o > 2978: - £199 29.66 : olf N 
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Abr. Phil. Tranſ Val v v1. are 


I. De Luc, Sir Geo. Shuckburgh, and General Roy, have 2 this is gas very 
ategncivety; and have laid down certain rules, which, with p proper” corrections,” on-account 


of the difference of the temperature of the air will hold>good for alf. altituces wiki vat? 


reach. See, De Lue on the Modifications of, the Atmoſphere, Phil. Drank. Vol. n 


Con. 3. When the mercury in the barometer kane at the akirade' of 30 inches, the 


a preſſure of the air upon every ſquare inch is rather more than 15 Ib, aygirdupoiſe. _ Now 
ſuppoſing the ſurface of a, middle {ized man to be 14+ ſquare fegt. the . preſſure upon him, 


when the air. is e eee ne de” 4G 


_ difference 
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ſcale, the figure in the vernier will hew what hundredth parts of an inch are to be added 5 
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difference of which is 2464 lb. This difference of preſſure muſt affect us in regard to our 
health and animal ſpirits, eſpecially when the change takes place ſuddenly. | 
e pe, the different kinds of nen, eme 97- 


VII. The — 


The thermometer is an inſtrument calculated for meaſuring the We of the air, 
and other bodies contiguous to it, as to heat and cold, being uſually a cylindrical glaſs tube, 
containing air, water, oil, ſpirits of wine, mercury, &c. which fluids are found to occupy 
different portions of the tube in different temperatures, and theſe portions being n 


exhibit the different expanſions of the included fluid. 


Plate 12. 
Fig. 2. 


© & 0 n Y * 5 
a ” 5 & . { $ +: 2 is, f : $4.4 * 
4 4 I S n ts . 


Ag repreſents a glaſs tube, whoſe. end A is blown into a bulb: . 

tube being filled with quickſilver, the leaſt change of the bulk of quickſilver, and conſequently, 
on eee bode, 3% fhexn, by .the ri or ll of the Gxfoce in. the 
tube, which is indicated by the ſcale ab affixed to the frame of the inſtrument, _ 
Te thermometer chiefly uſed in Great Britain, is that conſtructed by eee 
which there are 180 diviſions between the freezing and boiling water points, the freezing 
. . ˙ ene 
aii water e e. t 

n che Hllowicg properties: bo eres ethos tends: 
be very ſmall and regular, and its upper end muſt be hermetically ſealed. The empty ſpace 
muſt be as free as poſſible from air, The ſcale muſt be well adjuſted, and accurately divided 
according to the capacity of the tube. Thermometers with ſmall bulbs, and tubes in pro- 
0000 large your OOIIY Ray ond | 
ſenſible to the change of temperature. 

CCCCVJJ%V(CG0hccĩ ˙¼ hots cnctly bo wes it will be | 
often found convenie i to be able readily to convert the degrees on Farenheit's ſcale into 
thoſe of Reaumeur, and vice verſa : and as one degree on Reaumeur's ſcale is equal to 2. 25˙, 
or to 47 of Farenheit ; and as the former ſcale places the freezing point at zero, and the 
NN I xye He: Honig noms vill ate Ge Gree on the 2 WE Gee 
TOS Fn 3 

. © To convert the degrees of Farenheit into thoſe of Reaumeur ; _ flak ons 
the 367" of Farenbeit anſwers o the 60? of © arm FFF 
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2 8 . 4 . ow 1473 bob „ of Fo] 4 201 N. 946 a 
rmometer, which is princi pally uſed on the continent, begins at the freezing * 
rr From freezing to boiling water, are 80 degrees. For the « con. 
OO ONION FO Is} IRS - | 
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eee 122% of man See No 4, Appendix © 


Lavoiſier's Chemiſtry, | 
It is evident, that the thermometers 3 deſcribed, are e limited i in their extent. The 


mercurial thermometer extends no farther than the heat of boiling mercury, which anſwers 


to 600® of Fahrenheit's ſcale ; but the heat of ſolid bodies in the ſtate of ignition exceeds that 


of boiling mercury. To remedy this defect, Mr. Wedgewood has contrived a thermometer 


for meaſuring the higher degrees of heat, by means of a diſtinguiſhing Property of argilla- 


ceous bodies, viz. the diminution of their bulk by fire. This diminution, commences in a 


dull red heat, and proceeds regularly as the heat encreaſes, till the clay becomes yitrifigd. 


This thermometer, therefore, marks, with preciſion, the different degrees of ignition from 
the red heat viſible only in the dark, to the heat of an air furnace. Its conſtruction is 


extremely ſimple. It conſiſts of two rulers fixed upon a flat plane, a little farther aſunder 


at one end than at the other, leaving an open longitudinal Tpace between them. Small 


pieces of alum and clay, mixed together; are made of ſuch a ſize as juſt to enter at the wide 


2 they are then heated in the fire along wich the body, whoſe. heat we wilh to deter- 


The fire, according to the degtes ef boat it Contains, contracts che earthy body; 
ct appid . wide end of the page, it will ide on towards the narrow end, lef or 
re, according to the degree of heat to which it has been expoſed. Each degree of Mr. 


Wedgwoo's Le afoot ee nee en. 


e ee ee 0 0 th 
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Leaſt welding beat K : 1415 4 7 1277/7 jE7 5 
Fine gold melts . 3287 | 
Fine filver melts _ 2 Pos 0 417. 

' Brafs melts «< rk Fe: - Wo | 

| Req heat fully viſible in day light 1077 5 
Red heat fully viſible in the dark _ a 97 
Maxcunxv 01 alſo expreſſed oil? 00 : 
Lead melts VVV er | 
Bidnuth melts f. 
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| Nitrous acid boils | | 
_ Cow's milk boils Fr : — 15 
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$207 | | 88 

Oil of olives begins to congeal — =— + 43- 
WATER FREEZES and ſhow melts 8 

Milk freeaes „„ ON”. 
"Urine and vinegar freeaes 238 
gtrong wine freezes FVV e | 

A mixture of ſnow and fal freezes n at B 
" MErxCURY FREEZES  - — 309 or 40 _ eee | 
| Cold produced at Hulon's Bay, by a mixture Kio 1885 


of vitriolic acid and now n e ee 8 


IX. The n | 


This kyyromiicce 13 ai Snfliwiace for eee e es of mee in the airs , 


of which there are various kinds; for whatever contracts, and expands by the moiſture, and 
dryneſs of the atmoſphere, is capable of being formed into an hygrometer. Such are moſt 


Finds of wood; catgut, twiſted cord; the beard of wild oat, &c. Fhe following are very 


ſimple in their conſtruction, and will ſerve to explain the principle of the inſtrument. 


1. Stretch a catgut, or a common cord, ABD, along a wall, paſing it over a pulley B: 


fixing it at one end A, and to the other hanging a weight E, carrying a ſmall index F. 
Againſt the ſame wall, rr any number of equal parts, and 


the hygrometer is complete. HA | 
For it is known, . and that as the moiſture 


evaporates, they return to their former length. Hence the weight E, with the index, will 


aſcend when the air is moiſt, and deſcend when it becomes drier ; and the diviſions on the 


ſcale will ſhew the degrees of moiſture or dryneſs. This hygrometer may be made more 
ſenkle and accurnte by fraining ofe caigutorer ſeveral pullics place ins piraNiel or any 
other poſition. | „ 

2. The ſponge hygrometer is conſtructed as follows : BC is the beam of a balance ; to 


the end B is hung a piece of ſponge, ſo cut as to contain as large a ſuperficies as poflible, 
which muſt be exactly balanced on the other fide by another thread of filk D, on which is 


ſtrung ſome very ſmall leaden ſhot at equal diftances, fo adjuſted as to cauſe an index E to 


- point to G, the middle of the graduated'arch FGH, (made large for diſtinQtion's fake) when 


the air is in a middle ftate between the greateſt 'moiſture and the greateſt dryneſs, Under 
this filly ſtrung with ſhot, is placed a ſhelf J for that part of the ſhot to reſt upon which 
is not ſuſpended. When the moiſture imbibed by the ſponge increaſes its weight, it will 


raiſe the index, and vice verſa when the air is dry. | 
To prepare the ſponge, it may. be proper firſt to waſh it in water very clean, and, when 
ay again, dip it in water or vinegar in which there has been diſſolved fal ammoniac, or ſalt 


— 
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of tartar ; after which let it dry again. Salt of tartar, 1 eyi pe: yn 
by nme AT I IL 8 | 7 


X. STEAM EncinE. 


The Hed engine is a machine which n its moving power ben the ln ws oa 2 
condenſation of the ſteam of boiling water. The high importance of this machine to the | 
mechanical arts of life, eſpecially where immenſe powers are required, has given birth to ©? 
many conſiderable improvements both in its conſtruction and mode of operation. — 
The following is a deſcription of one of the earlieſt ſteam engines, which, as it exhibitis 
the general principles of the machine, will be deemed ſufficient in a work only introductory 
to ſcience. A hiſtory of the ſteam engine, from its firſt conſtruction by captain Savary, 
down to the preſent time, in which are included all the great improvements made by the 
ingenious Mr. Watt. of Birmingham, will be found in the Encyclopcedia _ Vol. 


XVII. Part 11. » 
H repreſents the boiler on its Res” E the cylindrical veſſel of i iron, in which the Plate 13. | 


piſton. OO moves up and down, the cavity between the piſton and bottom of the cylinder *. 
made air-tight. F is a cock to admit the ſteam. into the cylinder. IK is a lever, attached | 
to the piſton at I, and at K to the piſton of the pump which works on that ſide. PQ is 
a ſolid piſton moving in the pipe RM, and loaded with a heavy weight at P. ABC is the 
main pipe that receives the water forced from RM through a valve at C, opening outwards. 
N is an air veſſel communicating with the main * — Di is a valve opening pany 
and at M is the water to be raiſed. Sis 

The engine is repreſented at the end of a forcing Kok which | is likewiſe its poſition 42 
when at reſt. Suppoſe the main pipe ABC to be filled with water, and the water in the 
boiler H to boil ſtrongly. The cock F being opened, the fteam ruſhes into the cylinder, | 
and being much lighter than air, riſes to the top, and expels the air through a valve i in the 
bottom of the cylinder. F is then ſhut, and the cock G communicating with the main 
pipe is opened, which by ſpouting cold water againſt the bottom of the piſton, condenſes 
the ſteant. A vacuum being thus obtained, the preſſure of the atmoſphepe forces the piſton 
down to the bottom of the cylinder; the lever IK is moved, and the piſton PQ with its 
weight is raiſed, and the water aſcends in the pipe MR upon the principle of the common 
pump. The cock G being now ſhut, and F opened, the ſteam enters the cylinder, and - 4 
counteracts the preſſure of the atmoſphere on the piſton OO: conſequently, the weight P 3 
prevails, and drives down the piſton RQ, forcing the water through the valve C into the 
main pipe and its air veſſel. The uſe of the air veſſel is to prevent the main pipe from burſting 
by the fudden entrance of the water; for the air at N being elaſtic, gives way to the ſtroke, 
and its re- action during the time of elevating the piſton PQ continues the motion of the 
water, ſo that its velocity is no more than half what it would have been if it had been im- 
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Quatting F, (which. is done by. ſingle operation) the ſteam is again condenſed, the preſſure 
of the atmoſphere again prevails, and thus the work may be continued at pleaſure. 
The power of ſome of the ſteam engines, conſtructed by Meſſrs. Boulton and Watt, is 
thus deſcribed as taken from actual experiment. An engine, having a cylinder of 31 inches 
in diameter, and making 17 double ftrokes per minute, performs the work of 40 horſes, 
working night and day, (for which three relays, or 120 horſes, muſt be kept) and burns 
11.000 pounds of Staffordſhire. coal per day. A cylinder of 19 inches, making 25 ſtrokes 
of 4 feet each per minute, performs the work of 12 horſes, working conſtantly, and burns 


_ 3700 pounds of coals per day. Theſe engines will raiſe more than 20.000 cubic feet of 


a 24 feet high, wen clrrhagh 


XI. The r 55 


The hydrometer, an inſtrument uſually 2 to find the peine gravities of . is 
thus conſtructed: AB is a hollow cylindrical tube of glaſs, ivory, copper, &c. joined to a 
hollow ball D, at the bottom of which is a ſmaller ball E, containing ſome quickſilver, or 
ſhot, by which the inſtrument is ſo poiſed, that it ſwims vertically in a liquid. The ftem 


FTT 


and, conſequently, the ſpecific gravities of the different fluids in which it deſcends to thoſe 


- figures. Thus if the parts immerſed in water, and ſpirits of wine, be as 10 to 11.1, then 


the ſpecific gravity of the water will be to, that of the ſpirits of wine as 11.1 to 10. 

To make this inſtrument of more ſervice, there has been added a little plate, or diſh, at 
the top of the tube, upon which may be placed weights, as convenience may require. For 
example; if the whole inſtrument float, immerſed in ſpirits, to a certain point, it will re- 

ire an additional weight to fink it to the ſame depth in water. Suppoſe the inſtrument to 
weigh 10 dwts, and to be adjuſted to reclified ſpirits. of wine, it will then require an addi, 
tional weight of 1.6 dwt. to ſink it to the ſame point in water. Conſequently, the ſpecific 
T0000 ene 1 
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Der. I. JIcur; is that which, Na dem ay hady the ge. | 
75 produces the perception of ſeeing.” 7 3 L644 "16 ks | 


"Dex, II. A Ray of Light, s any ene Gall porn f hgh, 5 1 
ee eee 3 . . 
- Dey, HI. A body which is tranſparent, or affcs a paſſage for th 1 
rays of light, is called a Medium. 1. 

„ Rap fig which, coming fm «goin, comtnaty 
1 — are called Drverging Rays. * 


Dxr. V. Rays which tend to a common point are called men | 
Rays. The divergency, or convergency; of rays, is meaſured by he ; 
angle. contained between the lines which the rays deſcribe. | 
: Dær. VI. Rays of light are parallel, when the lines which. they F 
deſcribe are parallel. 3 „%%% ᷑œ ff ..- Hey 
a Dæxx. VII. A Beam of light, is n of. | Ph fr 


rays, is cont of oy or . J odor 4g OG Oo RD 
„ 
FED I THe = + * 
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Plate 6. 
N 1. 


Fig. 2 | 


olle 8. ä BOOK IV. 


Dee. VIII. The point from which diverging rays proceed, is called 
the radiant point Mihat to which converging rays are directed, is called 
. BD, BA, bc, BE, 1 B is the radiant: 

if the rays tend towards B, DB, AB, &c. are converging rays, and B is the focus. 


If the rays AC, BC, converge to the focus C, paſſing on from thence in a right line, 
they become diverging, and C becomes a radiant. 


Der. IX. A ray of light bent. 6 a ſtraight courſe in the ſame 
8 is ſaid to be I Mecled. 


PROPOSITION . 


PE of light conſiſt of particles of matter. 
For, like all matter with which we are acquainted, they are * of being inflected 


| out of their courſe by attraCtion. 


Exy. 1. ä and the 
edge of a knife be brought near the beam, the rays, which would otherwiſe have been in 


e ogy will be infleted towards the knife. The edge of any other thin plate of | 


\ 2. nern ſmall body, ie . 
light, WWWGGTTTTTTTTTTGVWV rv Pram 


right lines. 


3. A beam of W not above 255 patt of an 


| inch broad, will be ſplit into two, TER e Ioee by the axle 


PROP. IL Every viſible body . emits particles of light from i Its 
ſurface in all directions, which, TE without as move in 
right lines. f 5 


Wherever a ſpectator is at wi are to a luminous body, es cal ö 
of the ſurſace which is turned towards him is viſible to him: the particles of light are, there- 
fore, emitted in all directions, and thoſe rays only are intercepted in their paſſage by an in- 

terpoſed object, A hpi: ths Gpplon EINE 7054 wore in fight 
lines. 

Exr. 1. Let a portion of a beam of light be intercepted by any Jody : the ſhadow of 
tnat body will be bounded by right lines paſſing from the luminous TR and — me 
SO SO OT Wt POR Toes | 

5 2. A 


ca 1. r U „ 
2. Afr tge fly. Ge ee 
line, 
2 Rays will not paſs through a bended tube. 

e Rao light are properly repreſented by right lines," 


' PROP. III. The rays of li ghtamove with great velocity. 


The velocity of light is much greater than that of found 3 for the flaſh of a gun, fired at 
a conſiderable diſtance, is ſeen ſome time before the report is heard. * 
is not heard till ſome time after the lightning has been ſeen. > 

This propoſition is proved by obſervations made on the ſatellites of the planet Jupiter, and 
on the aberration of the rays of light from the fixed ſtars, as will be ſhewn in treating upon 
Aſtronomy : nau nen mmmh 
r WES | | 


' PROP. Iv. The partieles of W be are e exceedingly ſmall.” 


| Otherttle their velaciey would render their momentum too great to be endured by Fong 
eye without pain. 95 | 0 AT, 

"Exe, 1. If a candle be lighted and ie he he oi a of its 
rays, it will fill all the ſpace Won! two miles en e r loſt the leaſt ſenſible” 
part of its ſubſtance. | 

2. Rays of light will paſs without confilion through a ſmall nies in a piece of 
paper, from ſeveral candles in a line parallel to the paper, and form . on a er 
of paſteboard Placed behind the Fee. : | 


| PROP. Vs 8 * ncht, received 83 a 8 wy 
upon a given ſurface, are inverſely as the lquares of the diſtances of the 
| ſurface from the luminous body. _ WE 


Let ABD, EF 45 be two concentric ſpherical ſurfaces x of which let ELFI l. W Abk. be Plate 6. 
two ſimilar portions. Let the rays CE and CF, with the reſt proceeding from the center 3 3 
C, fall upon the portion ELFI, and cover it: it is evident from inſpection, that the fame + 
rays at the diſtance CH will cover the portion ARK only; now theſe rays being the fame 
in number at each place, will be as much thinner in the former, than they are in the latter, 
as ELFI is larger than AH BK; but theſe ſpaces being ſimilar portions of the ſurfaces of 
ſpheres, have the fame ratio to each other, that the ſurfaces themſelves have, that is, they. 

are to each other as the ſquares of their radii CL, CH: the denfity of the rays is therefore 

inverſely as the ſquares of theſe ii, or of their diſtances from the luminous point C. 


Exp.. 
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Plate 12. 


Fig. 8. 


9 Plate 6. 
Fig. 4 


Plate 6. 
Fig. 4. 
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Exr. The light, paſting from a candle through a ſquare orifice, will diverge as it pro- 
ceeds, and will illuminate ſurfaces which will be to each other as the ſquares of their 
diſtances from the candle, Thus at the diſtange AF the candle will illaminate the ſquare 
BF, at the diftance AO it will illuminate the ſurface CO equal to four times BF, and at 
the diſtance AS it will illuminate the ſurface DS equal to nine times BF, but AF, AO, and 
AS, are as 1, 2, and 3, conſequently, the illuminated ſurfaces are as the ſquares of the 


PROP. VI. if the diſtance between rays diverging from diffcreny 
radiant points be the ſame, the diſtances of the radiant * 
verſely as the divergency of the rays. 


CDG deli eee deſcribe the 
lines DA, DB, and the rays diverging from E deſcribe the lines EA, EB; fo that, at the 
points A and B, the diſtance between the former rays ſhall be the ſame with the diſtance 
between the latter, and let EC, DC, be the perpendicular diſtances of the radiants E, D. 
At the point E make the angle ZEC equal to ADC, which is half ADB: whence ZEC 
and ADC (El. V. 3.) have the fame ratio to AC. But if theſe angles are fmall, they 
are very nearly in the proportion of their fines ZC, AC. And becauſe the angle ADC is | 
equal to the angle ZEC (El. I. 28.) AD is parallel to ZE: and becauſe theſe lines are 


parallel, (El. I. 29.) the angles CAD, CZE, are equal: whence the two triangles ZEC, 


ADC, are equiangular, and (El. VI. 4.) EC is to DC, as ZC to AC, or (from what was 
ſhewn above) as ADC to AEC: that is, the diſtance of the radiant E is to the diſtance of 
the radiant D, as half the angle of divergency of the rays which proceed from D is to half 


the divergency of the rays which proceed from E, or as the whole angle of divergency 
ADB to the whole angle of divergency AEB; that is, the diſtances of the radiants are in- 


verſely as the divergency of the rays. 


PROP. VII. If the dilliincr between converging rays ail to ae: 
ferent foci be the ſame, the diſtances of the foci are 9 as the ao 


vergency of the rays. 67 


Let AD, BD, be lines C . 


deſcribed by other rays converging to E, and let the diſtance AB, at the points A and B, be 


the ſame between the former and the latter rays. The angles ADB, AEB, are in this caſe 
the angles of convergency ; and EC, DC, are diſtances of the foci to which they reſpec- 
tively tend. Now, it was proved in the laſt Prop. that EC is to DC as ADB is to AEB. 
Therefore the diſtances of the foci are inverſely as the convergency of the rays, 


Rd 7 


7 : PROP. 


HAP. 11. e 0 F A EFNAC 7 10 N. 


5 PRO P. VIII. If rays proceed from a radiant at an infinite diſtance, 


their divergency is nothing, and the rays are' conſidered as parallel. 


Since (by Prop. VI.) the divergency of rays is inverſely as the diſtance of the radiant, 
whos the Mifience, of:3he rafions j9: hair oe RY OR AO 
ſmall, and the rays may be conſidered as parallel. 

Cor. Ras 1h i WI b RF or any ter gen pins, of th 
keen fro colt SINN: „ ET an 


em 


PROP. I IX: If rays: wad 10 a P W | infinite diſtance, their con 
vergency is nothing, and the rays are conſidered as parallel. Tn 


Since (by Prop. vn.) the convergence] is inverſely as the diſtance of the * when 
er the angle of amen 
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Dur. x: 75 may of light bent Ren a | firaight courſe 0 paig 0 out 
of one medium into another, is s aid to be 7; refrafted.  _ 


Dar. XI. The Angle of 1 is that which is F ee 


the line deſcribed by the incident ray, and a line perpendicular to — 5 
f. urface on which the wy ſtrikes, raiſed from the point of incidence. 5 


r. XII. The "Angle of Refraftion, is that which is "contained. be... 
tween 1 line deſcribed by the refracted ray, and a line perpendicular to 


the refracting NEE at the point ir in which the ray paſſes chrough that 
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Plate 6. 
Fig. 6. 


Fig. 8. 
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. Dex, XII. The 3 of Deviation, is that which is contained be- 
rr an Incident ry e directie 
lame ray after it is refracted. | 


40 is a enables HK ee eee er 0 rl — 1755 


Op the perpendicular; ACO the. E of incidence; PCP the e wann, * 
FCL. che angle of devistion- 


School. The radiant point and focus may be either real ny If the rays ru, 
ro, diverging from the radiant r, pals into a refrating.medium, and move on in the direc- 
tions of the lines nA, oB, which * in the an bee r __ 


radiant point is imaginary. {1 
If the rays Ip, Lg, r be refratted at þ ang 1 05 acquire a 


hog we apa end. "Þ ines wn Aye, mart 6 £54, „„ 


* 
. * 


| PROP. X. The attracting force of any medium, acting upon a ray 
of light, is every where perpendicular: to the refracting ſurface. 
If the medium be uniform in all its parts, its immediate power upon the ray of light will 


be equally ftrong in every point of. a plane drawn parallel to the refracting ſurface ; though 


its ſtrength may be different in the next parallel plane, and ſo onwards as far as that power 


is extended on each fide of the ſurface of the medium. The extent of this power will 


therefore be terminated by two planes, parallel to one another and to the refracting ſurface. 
Let R be a particle of light, acted upon by the refractive power of the medium whoſe re- 
fracting ſurface is DC. It is evident that the refractive power at O will move the particle 
N in the direction RO: and taking any two points D, C, at equal diſtances on each fide of 
O, the powers. at D and C being equal, and acting at equal diſtances, RD, RE, equally 
inclined to RO, cannot move. R in any direction but that of RO. "The ſame may be ſhewn, 


| of the powers at every point of the line DC, mop ee = 


. af Gn aopdipes. 


PROP. XI. A ny of lighe, 8 APY a rarer- into 1 
medium, i is refracted towards a perpendicular to the ſurface of the denſer, 
raiſed from the point in which the ray meets the medium ; in paſſing 


out of a denſer i into a rarer medium, i it is refradied from the fame. l 


 pendicular. 


Let a ray of light, AC, Sar 5 X, into a ee 


Z; MHK be the plane ſurface of the denſer medum; from the point C, in which the ray 
5 1 AC 


cus. n. OF. REFRACTION. 


AC paſſes inte the denſbt medio; rute the perpenticulir Oer: the try wilt bs bead 
out of the directen ACL, towards the perpendicular OCP. 

. att By THF Bleu ith tp UA i will bs 
accelerated on entering the medium Z: for Württ the ray is fo near the urface of the 
medium . 2s to be within its attractior, and mote attracted downwards than ipwards, this 
| ttraQion conſpites with the motion of che tay, and, conſtyitently, increaſes its velocity. 
And, finee the actiori of the attructing force of the mech Z, muſt (by Prop. X. j be in, 
the Grection of à line OCP perpendicular ts its firrfdce, if the oblique motion of the ra = 
the direction AC be refolved into two others, AD parallel to the ſurface HK, and A 
DC, perpendicular to it, the parallel motioff” Al) cannot be accelerated or relarded by the 


attraQioir whictr acts in the drrection OC: the charge of velocity, therefore, which OP 


receives from the attracting force, muſt be made in the perpendicular part of its motion 
Take CG greater than DC repreſenting the perpendicular motion of the ray after pa 
into the denſer medium; and take CE equal to AD. repreſenting, the parallel part of che 
motion of the ray, which, becauſe it is parallel to AB, remains the ſame when the ray 
enters the denſer medium, The ray, thefefore,, at its entering the medium 2 may be con- 
ſidered as acted upon by two forces CE, CG, and conſequently (Book II. Prop.. wv. ) will 


deſcribe the diagonal CF of a parallelogram, the fides of which are CE, CG. Now, of | 


theſe ſides CE remaining the fame, whilſt CG becomes greater than ©Þ, the angle GCF 


(from the nature of the varalletograms will be leſs chan the angle NCL, equal l. 1 
to ACD. Therefore the ray, after it has paſſed into the denſer medium, makes a leſs angle 


with the perpendicular OCP than AC, the ray before it paſſes into the denſer medium; that 
is, the ray, in paſſing out of the rarer into the denſer medium, is refpacteq towards the per- 
pendicular. On the contrary, whillt the ray of light FC is patling dut of the denſer 


medium E into the rarer medium X, it is more attracted by the — — 5 


medium, and is therefore more drawn downwards than upwards: whence the attractibm 
| oppoſes the motion of the ray, and will retard it as much as in paſſing, out of the; rarer i 
the denſer medium it was accelerated: and, — the 1 will be the reve! 
of that which was ſhewn. in the former caſe.- 


Jew The principles of optics are denioiiſtrated” upon the ſuppoſition thit ett 2 
art dene „ and though light will appear to be compounded of ſeveral kinds 


of rays, yet: the ptinciptes of reffaction and Mont &c. are e, true * 


175 


applied to "uy mer one ſort. ' 
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Jene e tid habe s. 
fide NA, may eaſt the ſhadow of the ſide to a point Lin the bottom of the veſſel. This g 7 


| ſhadow is terminated by SNL, a ray which paſſes, in a right line, by the edge of the veſſel. 
If the veſſel be filled with water, the ſhadow' will recede, as the water is poured- into the 


veſſel, from the point L. which terminated it when the veſſel was empty, towards the ſide ; 


NA, nn and will be terminated by che ray" ONC that: i, che ray" 
n ; T 2 > 8 
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SNL, which firſt terminated the ſhadow, by paſſing out of the air into the water, is refrafted 
towards AN, a line drawn perpendicular to the ſurface of the water, at the point in which 
the ray enters the water: or the angle of refraction is leſs than the angle of incidence. 
2. Let a ſmall bright object be laid upon the bottom of a cylindrical veſſel N BAL at C. 
Let che ſpectator's eye be ſo placed at 8, as juſt to loſe ſight of the object at C, that is, ſo 
that a ray paſſing in a right line from the remote edge of the object towards the eye at 8 
will be intercepted by the edge of the veſſel, or that the firſt ray which is not intercepted 
paſſes in the direction ONC above the eye. Whilſt the eye continues in the ſame ſituation, 
if the veſſel be filled with water, the object will become viſible ; that is, the ray which 
paſſed from the remote edge of the object, in a right line CNO, by the veſſel, in entering 
W n mia Wc eee 


FROr. XII. All e PRI is „ 


The ray AC, in paffing out of the medium X into Z, is refradtel into CF, becauſe” 
it is accelerated at its entrance into Z by the greater attraction of the denſer medium: 
and the ray FC in paffing out of Z into X is refracted into CA, becauſe it is retarded by 
the {ame attraction. Since, then, the acceleration and retardation are produced by the fame 


degtee of attraction in oppoſite directions, they will be equal to one another, and the refrac- 
tions produced by them will be equal, but in oppoſite directions: that is, if the refracted 


ray becomes the incident ray, the incident ray will e eee or, the re- 


8 are en nn 


PROP. XIII. In any two given r the fine of ay one as. 
of incidence has the ſame ratio to the fine of the correſponding angle of 
refraction, as the ſine of any other angle of incidence has to the fine of 
its correſponding angle of refraction. . HER Fg re is ie 2 OP 

The oblique motion of the ray AC, e ths elder beet X its dl beter 


medium Z, may be reſolved into AD parallel to the ſurface HK, and AB or DC perpendi- 
cular to it. Of theſe (as was ſhewn in Prop. XI.) only the perpendicular motion DC; is 


accelerated. Take CN equal to CD, and continue the refracted ray CS to F, ſo that if 
FG is drawn perpendicular to OP, FG may be equal to AD; and draw NS the ſine of the 


angle of refraction NCS. The perpendicular velocity of the ra in dhe medium Z (b 
Prop. XI.) is CG, that is, the ray is accelerated in the ratio of CN to CG. -But} becauſe 


' CGF, CNS, are equiangular triangles, (El. VL 4.) GF the fine of the angle of incidence 
| is to NS the fine of the angle of refraction, as CG the velocity of the ray in the denſer 


medium Z, is to CN the velocity of the ray in the rarer medium X; that is, the ſines of 
the angles of incidence are inverſely as the velocities of the ray. But where the two me- 


e eee ee e ee ee eee e e 


. attractions, 


crap. 11. „ REFRACTION. 


attractions, are given: \and, finee the ratio of velocities in different mediums depends upon | 
the difference of their attracting force, where this difference i is given, the ratio of the velo- 
cities cannot be altered by changing the obliquity of the ray, ſo that, if the velocity i in one 
medium is to that in another, as CG to CN, and the fine of the angle of incidetice;be to 
that of refraction in any one degree of obliquity, as GF to NS, this ratio will gontinus = 
% ON Mg ee e 
Hg. "H eee of end l Wa 66 Rs 
refraction will alſo be increaſed: becauſe the ratio of their fines cannot continue the fame, 
unleſs they be both increaſed : PE ad han ame: lane 
frafion will allo be equal. | ; 
cy 


Con. 2. Hence the angle of deviation varies with the: angle of. FEA at 


Scholl. 1. If a ray of light, AC, paſs obliquely out of air into glaſs, A nee ee 


the angle of incidence ACD, is to NS the fine of the angle of refraction NCD, nearly = 


as 3 to 2: therefore, ſuppoſing the ſines proportional to che angles, the ine of FOL; the 5 


angle of deviation, is as the difference between AD and NB, that is, as 325 or, hence 
the ſine of incidence is to the fine of the angle of deviation as 3 to 1. In like manner it 
may be ſhewn, that, when the ray paſſes. obliquely out of glaſs into air, the fine of the” 
angle of incidence will be to that of deviation, as NS to AD<-NS, chat is, as 2 tœ 1. In 
paſſing out of air into water, the ſine of the angle of incidence is to that of refrastion, as 
4 to 3, and to that of deviation, as 4 to 4—3, or 1: and in paſſing\ out of water into air, 
PPC I 5 
28 3 to I. | f | ee Rp Conchords paws 


Cor. 3. Hence u ray of light cannot paſs aut of water into air at a grenter angle of 
incidence than 489 36”, the ſine of which is to radius as 3 to 4. Out of glaſs into air the 
angle muſt not exceed 40 11”, becauſe the ſine of 4011 is to radius as 2 to 3 nearly: 
conſequently, c 
ray will not be refracted. . | | 7 4 nat v7, 


Scho. 2. It muſt be obſerved; that when the 3 is in the limit, for light” to 5 
refrafted, ſome of the rays will be reflected. For the furfaces of all bodies are for the moſt 
part uneven, which occaſions the diſſipation of much light by the moſt tranſparent bodies; 
| ſome being reflected, and fome, refracted, by the . inequalities on the ſuraces. Henct a 
perſon can ſee through water, and his image reflected by it at the ſame time. Hence alſo, 
in the duſk, the furniture in a room may be ſeen by the reflection of a 9 1 ea 
that are without are ſeen through it. 


Exe. Upon a ſmooth boatd, about. ee Aetenibe 2 circle derbe er 


diameters A* circle Of, HK, nee went Ge 6. 


ty” W 
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t OP; cut of DT and CI equal to. 4 DA through TI, draw TIS, cutting the circum- 


ferencein$; NS drawn from 8 perpendiculazly upon OP, will be equal te DT, or 2 of 
DA. reden 
water as far as the line HK, the pin at 8 will appear in the ſame line with the pins at A 
and C. This ſhews, that the ray which comes from the pin S is fo reſracted at C, as to 
dome to the eye along the line CA: whence the fine of incidence A is to the fine of re- 
fraction NS, as 4 to 3. If other pins were fixed along CS, they would all appear in AC 
produced ; which ſhews that the ray is bent at the ſurface only. The fame may be ſhewn, 


| at different inclinations of the incident ray, by means of a moveable rod turning upon the 
center C, which always keep the ratio of the fines AD, NS, as 4 to 3. Alſo the fun's 
OI ee | 


Con. 4. The image R of a ſmall object G, placed under water, is mo th nearer 
the ſurface than the object. And hence the bottom of a pond, river, &c. is one third deeper 


chan it appears to a ſpectator. If a river appears to be only 44 feet deep, it will be 6 feet; 


5 a, perſon not apprized: of this. might venture into water at the hazard of his life, And 


Ir 


Fes” 


medium into another, ſuffer no refraction. 


e becauſe they make equal angles ai % with their reſpectiye perpendiculrs 
51: 84 | F 


hence alſo we have the reaſon. of the common phænomenon of a ſhilling, or other object, 
placed in an empty veſſel, appearing to be elevated higher and higher as the veſſel is filled 


with, water. Suppoſe. the veſſel empty, CQ its ſide opake, (Fig. 16.) & the object; if the 
exe be at H, the object will be hidden by the fide CQ; but by filling the veſſel with water 


up to DB, it will become viſible, and ſeen at R, the ee. into HE. 


Apd if. the eye be ſo placed as to ſee the object at G when the veſſel was empty, while it 


is filling the object will appear to riſe gradually; Hence appears the reaſon why a ſtrait 


ſtick HER, (Fig 16.) 4 Wipe ee eee eee the 
image of the part within lying above the object. 


"PROP. XIV. Raye of light which paſs perpendicularly out of * 


29 


When AC, the incident ray, coincides with OC, 8 W of hc 
r er 


. cannot turn the ray out of its perpendicular park. 
PROP. XV. When parallel rays paſs Ae out of one Fg 


into another en. a e, MT will * e aer 


refract ion. 
Let AB, CD, ebene cops, felling os the plane farfice RBD of colt attic 


/ 


cuay.m F REFRACTION. Tn 
Op, ST, they will ſuffer an equal degres- of reintun; that le) the angled of refrain, © 
_ EBP, TDT, will be equal; whence the refracted Maher DF, keeping vom . 


- PROP. XVI. Through a vita ſurface,” if diverging rays paſs but 
ol a rarer into a denſer medium, they are made to divefge leſs; and if 
they paſs out of a denſer into a rarer medium, they are made to'diverge 
more: if converging rays paſs out of a rarer into a denſer medium, they 
will be made to converge leſs ;. if out of a denſer: eo A . to con- 
verge more. 


Let che diverging rays AB, AE, FOR a rarer —— A 
the plane ſurface GH, and let the ray AB be perpendicular to that ſurface ; the reſt being 8. 1. 
| refratted towards weir reffertive peepenticutgrs IK LM, and that the leaft which falls the 
fartheſt from B, they will probes in the diredtions' EN and FO, diverging ina leſs degree 
from the ray AP, than they did before refraction : whereas had they proceedeil out of 4 
denſer into a rarer medium, they would have been refracted from their perpendiculars ER, 
FM, and thoſe the moſt which were the moſt oblique, and therefore would have diverged- | 
more than before. Again, let the converging rays AB, CD, EF, paſs out of a x: e x2. 
a denſer medium, through the plane kürte GH; and ler the ray AB be perperaticu to that 
ſrface ; the other -rays being refraQtal towards their reſpectius petpitidicudiirs' FC, LMI and” 
EF being, refracted more than CD, they will proceed. in the directions DN FN, converging” - 
in a leſs degree towards the ray AN, than they did before: whereas, had the firſt medium 
been the denſer, they would Have been refracted the other way, and heres hore Of: 


verged more. 


"Dep. XIV. Fee piece of poliſhed: n which has 2h. 
boch its fides: ſpherical, or one ſpherical; and-the ochen prane: mi 
A lens may either be convex on both fides, plano-conyex, concave: eee e. 
convex on one ſide, and concave on the other; which laſt is called a meniſtus. 5 
In plate 6. fig. 12. Sections of theſe, formed ans n erpendicuk 
ene CO NY We . 4 1% π⁹ 00ND 


Met e el 


Der. XV. The Hh e Lan. is. 9 line, „ id 
uls CO and enen Norte ae? 2 


are its poles. 


Fach Kind of „ ͤ bw! e FI Y 
Thug, nnn the convex lens will be formed. 


Dr. 
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Dex. XVII. Rays are 88 to fall direfthy upon a lens, if their axis 
coincides with the axis of the lens ; otherwiſe, wy are ſaid to fall 
obliquely. | 


Dex. XVIIL. The Pete in \ which parallel rays are collected oy bn 
through a _ is called the Focus of parallel rays of that _ þ | 


+ PROP. XVII. Through 4 convex [ſurface of the denſer medium, 
parallel rays, paſſing out of a rarer into a denſer medium, will become 
converging ;—diverging rays will be made to diverge leſs, to become 
parallel, or to converge, according to the degree of divergency before 
refraction, or of the convexity of the ſurface ;—rays converging, towards 
the center of convexity, will f uffer no refraction - rays converging to a 
point beyond the center of convexity, will be made more converging ;— 
and rays converging towards a point nearer the ſurface than the center of 
conyexity, , will be made leſs converging by refraction and when the 
rays proceed out of a auler into a rarer medium, the contrary occurs FR. 
each caſe, {uk 


Let AB, ID, be parallel rays entering a denſer medium through the convex ſurface CDE, 
wie vid vidatitey-is and let one of theſe, ID, be perpendicular to the ſurface. 
This will paſs on through the center without ſuffering any refraction, but the other being 
oblique to the ſurface, will be refracted towards the perpendicular LB, and will therefore | 
be made to proceed in ſome line, as PK, converging towards the other ray, and meeting it 
in K, the focus. Wee my diverged from the other, ſuppoſe in the line MP, it would, 
by being refracted towards its perpendicular LB, have been made either to diverge Jeſs, be 
parallel, or to converge. Let the line ID be produced to K; and if the ray had converged, 
ſo as to have deſcribed the line NBL, it would then have been coincident with its perpendi- 
cular, and have ſuffered no refraction. If it had proceeded with leſs convergency towards 
any point beyond L in the line IK, it would have been made to converge more by being re- 


Tracted towards the perpendicular LB, which converges more than it; and had it proceeded / 


with more convergency than BL, that is, towards any point between D and L, ou, re- 
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11 And the contrary happens, when rays proceed out of a. denſer. into a rater en 
. through a concave ſurface of the denſer. F or being now refracted from their reſpective 
perpendiculars, as they were before towards them, if they are parallel before refraction, chey 
diverge afterwards: if they diverge, their divergency is increaſed; if they converge ia the 
direction of their perpendiculars, they ſuffer no refraction; if they converge leſs than their 
reſpective perpendiculars, they are made to converge ſtill leſs, to be parallel, or to diverge: 


; if they converge, more, their convergency is inereaſed. All which may clearly be ſeen by 


| the figure, imagining the rays AB, ID, &c. * the contrary why £ in their Neg: ta, 
What they were in the former caſes, | 


Ex. Let parallel, diverging, and curving rays, yo trough 2 convex lens} the ; 
ſeveral cafes of this propoſition will be:confirmed, 1 


If CDEH be a convex lens whoſe axis is IK, let L. be e center . the firſt con- 
vexity 'CDE, and M that of the other CHE ; and let the ray AB be parallel to the axis; 
through B draw the line LN, which will be perpendicular to the ſurface CDE at that point. 
The ray AB in entering the denſer ſubſtance of the lens will be refrafted towards the per- 
pendicular, and therefore proceed after it has entered the ſurface at B in ſome direction in- 
clined towards the axis, as BP. Through-M the center of convexity of this ſurface and 
the point P draw the line MR, which paſſing through the center, will be perpendicular to 
the ſurface at P, and the ray now entering a rarer medium will be refracted from the perpen- 
dicular into ſome direQion as PK. In like manner, and for the ſame reaſons, the parallel 
ray ST on the other ſide the axis, and alſo all the intermediate ones, as XZ; &c. will meet 


it in the ſame point, unleſs. the rays AB and ST enter the ſurface of the lens at too i: * 27 0 


en from the axis IK, the reaſon of which will be afterwards explained. 


The point K where the parallel rays AB,, ST, Ke. are lppſd 0 be lot] by pling | 


rough the lens CE, is called the focus of parallel rays of that lens. 


If the rays come diverging from a point equally diſtant from the ſurface as e 3 


| paratiet rays, they will be rendered parallel; if from a point farther from the ſurface than L, 


they will be brought to a point beyond L; if from . nearer than L, r "Ry Re 


128 as may be inferred from Prop. XII. 
If the rays come converging towards L, they will ſuffer no refraQtion ; ; if towards a point 


beyond ; they will become more converging ; if towards a point nearer the ſurface than 


L, they win * les e as So wn hon ce in che . fir re pro- 
| Po . j | 25 


chor. If the x rays AB, cb. EF, * ſa to ea other, but pr IGG to GH 
axis of the lens IK, or if the diverging rays CB, CF, proceed. as from ſame point C which 18. 


is not ſituated in the axis of the lens, they will be collected into ſome point as L, not 
directly oppoſite to the, radiant C, but nearly ſo: ſor the ray CD, which paſſes thraugh.  - 
the middle of the Jents, * 1 _— of it ra ſome e will = 


or. 
3 


\ 


% 


OO, 
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buffer a refeaftion at D and N; but it will be refratted the contrary way: in one place from 
that in the other; and theſe refractions will be equal in degree if the lens has an equal con- 
vexity on each ſide, as we may eaſily perceive if we imagine ND to be a ray paſſing out of 
the lens both at N and D, for it is evident the line ND has an equal inclination to each 
furface at both its extremities. Upon which account the difference between the ſituation of 


be! the point L, and one directly oppoſite to C, is fo ſmall, that it is generally neglected; and 


| | Plate 6. 
Fig 15. 


the ſocus is ſuppoſed to be in that line, in which a ray, that would paſs through the middle 


point of the lens, were it to ſuffer no refraction, e 


PROP. XVII. When rays paſs out of a rarer into a denſer medium, 
through a concave ſurface of the denſer, if the rays are parallel before 
refraction, they are made to diverge :—if they are divergent, they are 
made to diverge more, to ſuffer no refraction, or to diverge leſs, accord- 
ing as they proceed from ſome point beyond the center, from the center, 
or from ſome point between the center and the ſurface: if they are 


convergent, they are either made leſs converging, parallel, or diverging, 


according to their degree of convergency before refraction :—and the 
reverſe, in paſſing out of a denſer into a rarer medium. 


Let MF, Ol, be two parallel rays entering 2 concave and denſer medium, the center 
of whoſe convexity is H, and the perpendicular to the refracting ſurface at the point F is 


LH; the ray Ol, if we ſuppoſe it perpendicular to the furface, will proceed on directly 


without refraftion, but the oblique ray MF, being refracted towards the perpendicular 
HL, will recede from the other ray OI. If the ray MF had proceeded from a point in 10 
farther from the ſurface than H, it would have been bent nearer to the perpendicular, and 
therefore have diverged more: if it had diverged from the center H, it would have fallen 
in with the perpendicular HL, and not have been refracted at all: and had it proceeded. 
from a point nearer the ſurface than the center H, it would by being refracted towards the 
perpendicular HL, have proceeded in ſome line nearer it than it otherwiſe would have done, 
and fo would diverge leſs than before refraction. Laſtly, if it had converged, it would: 


| have been rendered leſs converging, parallel, or diverging, according to the degree of con- 
vergency, which it had before it entered into the refracting ſurface. 


If the ſame rays proceed out of a denſer e = cone; Hatton af; 
the denſer, the contrary happeris in each ſuppoſition. the parallel rays are made to converge ;. 
thoſe which diverge leſs than their refpeftive-perpendiculars, that is, thoſe which proceed. 
from a point beyond the center, are made leſs diverging, parallel, or converging, according. 


to the degree in which they diverge before refraction; thoſe which diverge more than their. 
reſpective perpendiculars, that is, thoſe which proceed from a point between the center and 


* 


CHAP. 1. OF REFRACTION. Ed —_ 
— ine metntn drome till earn. n . 
to converge more. eee 6 9 SO PROT Por: 

with reſpect to the perpendicular HL. · . | 75 


Exe, Let parallel, diverging, and converging rays, , paſs through a concave to: the Pie 6. 
_ ſeveral caſes of this propoſition will be confirmed: thus, let ABCD repreſent a concave dn Be 
jens, EO its axis, FH the radius of the firſt concavity, IK that of the ſecond ; produce - - 
Hx to L, and let MF be s ray of light entering the lens at the point F. This ray being 
refracted towards the perpendicular FL, will paſs on to ſome point, as K in the other 
ſurface, more diſtant from the axis than F, and being there refracted from the perpendicular 
IK, will be diverted farther ſtill from the axis, and proceed on the direction KN, as from 
ſome point O, on the firſt fide of the lens. In like manner other rays, as PQ parallel to 
the former, will proceed after refraction at both ſurfaces as arbor e readers, ww | 


upon that account will be the imaginary focus of parallel rays of this lens. - 


| If the rays diverge before they enter the lens, their imaginary” focus is then nearer the 
| lens than that of the parallel rays, If they converge before they enter the lens p ' 
towards ſome diſtant point in the axis, as E, they are then rendered leſs converging : if 


5 they converge to a point at the ſame diſtance from the lens with the focus of parallel rays, 


they then go out parallel; if to a pets eee NG: W e Ys: WM | 
dg, than before. they entered the lens. 


Senor. If the lens is plane on one fide, and cbnvex o woes on the devint the ts 
fraction is ſimilar, but in a leſs degree.” In a meniſcus, if the convexity on one ſide is equal 
to the-concavity on the other, the two fides will produce equal and contrary effects, and te 
| inclination of the rays to each other will be the ſame after refraction as before. If the con- 
| vexity is greater than the concavity, the meniſcus will have the effeck of a lens which has 
its convexity equal to the exceſs of the convexity of the meniſcus above ts + ara ow 
Us reverſe, if its D WN its convexity. | 15 _ 

' PROP. XR. When diverging rays are made to converge 5 ne ; 
che 2 convex lens, as the radiant approaches towards the 1 on Ce : 


ſide, the focus departs. from it on the other; and the reverſ. 


For, the nearer the radiant point is to the lens, the more the rays which fall 12 the 
lens diverge before refraction; whence (the power of the reſracting medium being given) 
they will converge the leſs aſter refraction, and have their focal point at the greater diſtance 
from the ſurface: on the contrary, the more remote the radiant” point is from che lens; the 

leſs the incident rays will diverge, and conſequently the more will the refrafted rays con- 
verge, and the nearer will the focus be to the ſurface, till, at e ee the 

| ane _" are collected in. the focus of ure N58 1 % btin-+4 ai 3221 38 £3 5 1 
74142 $40 [| £564 g Kit aas $8 1; g e Lo 0 U 2 Path > 1 75 9.08 1 3: 123 e PROP. 
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Plate 6. 


Fig. 16. 
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PROP. XX. When the radiant point is at that diſtance from the 


ſurface, at which parallel rays coming through it from the other ſide 


would be collected, rays flowin 'g from that point become paralke on the 
other fide. | 111 
„It manifeſtly follows from Prop, XII. that if the . rays AB, ID, ST; in paſſing 


through CDE, are brought to a focus in K, rays from K as a radiant young will, Po re- 
fraction, 8 (5492 Win DI, TS. | | 


PROP. XXI. When rays paſs out of one mach into another of 
different denſity through a plane ſurface, if they diverge, the focal diſ- 
tance will be to that of the radiant point if they converge, it will be 
to that of the imaginary focus of the incident rays, as the fine. of the 
angle of incidence is to that of the angle of refraction. Ny 


This propoſition admits of four caſes. 4 5 1 22. 3p 

Caſe 1. Of diverging rays paſſing out of a rarer into a denſer PEEL OT 

Let X repreſent a rarer, and Z a denſer medium, ſeparated from each other by the plane 
ſurface AB ; ſuppoſe CD and CE to be two diverging rays proceeding from the point C, the 
one perpendicular to the ſurface, the other oblique ; through E draw the perpendicular PK. 


The ray CD being perpendicular to the ſurface, will proceed on in the right line CQ, but. 


the other falling upon it obliquely at E, and there entering a denſer medium, will ſuffer a 


refraction towards the perpendicular EK. Let then EG be the refracted ray, and produce 


it back till it interſects DC produced alſo in F; this will be the focal point. On the center 
E with the radius EF, deſcribe the circle AFBQ, and produce EC to H; draw HI the 
ſine of the angle of incidence, and GK that of refraction ; equal to this is FP. or CM, 
which let be drawn. Now if we ſuppoſe the points D and E contiguous, or. nearly ſo, then 
will the line HE be almoſt coincident with FD, and therefore FD will be to CD, as HE 
to CE, or (EL VI. 4.) as HI to CM; that is, the focal diſtance of the ray CE is to the 


_ diſtance of ö WW cf lackipce og te of the angle of 
refraction 5. | | | ; 


» Whereas IE is to ME, or ND to CD, as HI to CM, that is, as the ratio of the fine of the angle of incidence 
to that of the angle of refraction, which (Prop. XIII.) is always the ſame, the line IN is in all inclinations of the 
ray CE, at the ſame diſtance from CM. Conſequently, had CE been coincident with CD, the point H had fallen 


upon N; and becauſe the circle paſſes through both H and F, F would alſo have fallen upon N; upon which 


account the focus of the ray CE would have been there. But the ray CE being oblique to the ſurface DB, the point 


, H is at ſome diſtance from N; and therefore the point F is neceſſarily ſo too, and the more fo, the greater that 


diſtance is. Hence it is manifeſt, that no two rays flowing from the radiant point C, and falling with different 


> 


the imaginary focus of the refracted ray ER; draw RO the ſine 61 the angle of refraction, 


elde from the perpendicular into a line as EH; then all things remaining as before, '* 
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Caſe 2. Of diverging rays proceeding out of a denſer into a rarer medium. Jt AX ; 
Let X be the denſer, Z the rarer medium, FD and FE two diverging rays 2 | 


from the point F; and ſuppoſing the perpendicular PK drawn as before, FP will be the ſine 

of the angle of ineidenee of the oblique ray FE, which in this caſe being refracted from the 
perpendicular, will paſs, on in ſome; line as ER, which being produced back ton che circur- 
ference of the circle will cut the ray FD ſomewhere, ſuppoſe in, C, this therefore wilt be 


to which HI will be equal: but here alſo FP or its equal CM, is to HI, as EC to EH, or 8 
(if the point D and E be conſidered as contiguous) as DC to DF; that is, the ſine of tze 
angle of incidence is to the fine of the we ey e 5 the focal Giftance en of . 


the real radiant poli. "i nee WW ER $5, 5 
Caſe . Of converging rays 2 out of a ** 8 3 a rarer. 7 jo 118 £ 3 
Next; let Z be the denſer, X the rarer medium, and GE the incident ray's "cis will be Plate 6. 


GE, or its equal FP, or CM will be the ſine of the angle of incidence, and; HI chat of 
refraction: but theſe lines, as before, are to each other, as DC to DF; that is, the focal 


| rr eee thy nee 


that of the angle of re fraction. 1 20 A1 Ira [wa is Sg 


Caſe 4. Of converging rays beet 6 out of”: a rarer into a u medium. e 
Let Z be the rarer, X the denſer medium, and RE the incident ray; this will be refracted 
towards the perpendicular into a line, as EF; C will be the bir pound focus, and F the 
real one, HI which (El. I. 26.) is equal to RO, will be the ſine of the angle of incidence, 
and FP that of the angle of refraction: but theſe are to each other (EL VI. 2.) as DF to 


DC; and therefore the focal diſtance is to that of the i 9 8 as the ſine of the 


angle of ACTON | is to that of FR angle of refraction. 


1 


cbliquities « on =o dure BD, will, after . there, Ne as ES, the ame point; 1 — — aan wert 


ing, there is no one point in the line D produced, that can more properly be called the focus of rays flowing | from 


c, than another: for thoſe which enter the refraQting ſurface near D, will, after refraQtion, proceed, as has been 
obſerved, from the parts about N; thoſe which enter near E, will flow as from the parts about F; thoſe which 
enter about T, as from ſome points in the line DF produced, c. And it is farther to be obſerved; that when 
the angle DCE' becomes large, the line NF increaſes apace ; whence thoſe rays which fall near T, proceed, after 
reſraction, as from a more diffuſed ſpace, than thoſe which fall at the fame” diſtande from each other near the 

D. Upon which account it is uſual, with optical writers, to ſuppoſe the diftance between the points where the 


| rays enter the plane ſurface of a refraQing medium, to be Inconfiderable with regard'to the diftanite- of the radiant 
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point, if they diverge ;' or to that of their imaginary focus, if they converge : and unleſs there be” fome' particular 
reaſon to. the contrary, they confder them, e 
beam 


9 — 
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PROP. XXII. "When parallel rays fall upon a ſpherical ſurface of 
different denfity, the focal diſtance will be to the diſtance of the center of 
r 
tween that fine and the fine of the angle of refraction. 


Caſe 1. Of parallel rays paſſing out. of a rarer into a denſer medium. through a e. 
ſurface of the denſer. EY 

Let AB repreſent a convex ſurface ; C in center of convexity ; HA and DB two parallel 
rays, paſſing out of a rarer medium into a denſer, the one perpendicular to the refracting 
furface, the other oblique : draw CB; this being a radius, will be perpendicular to the 
ſurface at the point B; and the oblique ray DB being in this caſe refracted towards the per- 
pendicular, will proceed in fome line, as BF, meeting the other ray in F, which will 


therefore be the focal point; produce CB to N, then will DBN, or (El. I. 29.) its equal 
BCA be the angle of incidence, and FBC that of refraction. Now, ſince any angle has 


the ſame fine with its ſupplement to two right ones, the angle FCB being the ſupplement 


of ACB, which is equal to the angle of incidence, may here be taken for that angle; and 


therefore, as the fides of a triangle have the ſame relation to each other, as the fines of their 
oppoſite angles have, FB being oppoſite to this angle, and FC being oppoſite to the angle 
of refraction, they may here be conſidered as the fines of the angles of incidence and of 
refration ; and for the fame reaſon. CB may be conſidered. as the fine of the angle CFB, 


which angle being, together with the angle FBC, equal to the external one ACB (El. I. 32.) 


it is itſelf equal to the difference between thoſe two laſt angles; and. therefore, the line FB 


is to CB, as the ſine of the angle of incidence is to the ſine of an angle which is equal to 


the difference between the angle of incidence and of refraction. Now becauſe i in very ſmall _ 
angles as theſe are, for we ſuppoſe in this caſe alſo the diſtance AB. to vaniſh, (the reaſon of 


which will be ſhewn in the note, ) their ſines have nearly the ſame ratio to each other that 


1 W per d e . 


they themſelves have, the diſtance FB will be to CB as the fine of the angle of incidence 
is to the difference between that fine and the fine of the angle of refraction: but becauſe BA. | 


Caſe | 


. ee eee of the ee cop Di. is boch, that the line BE. 


ſhall be to the line CB. or CA 2s, the fige,of the angle of incidence to the fine of an angle- equal to the difference 


between the angle of, incidence and reſraction ; therefore ſo long as the angles BCA, &c,. are ſmall, fo, long the 


une FB is nearly of the ſame length, becauſe ſmall angles have nearly the ſame ratio to each other that their fines, | 


Fd 


have, Bot when the point B is, removed. far from A, ſo that the ray DB. enters the ſurface, ſuppoſe about O, the 
angies BCA, tc. becoming large, the Gne of the angle of incidence bi gins to bear a conſiderably leſs. ratio to the fine 
of an angle which is equal to the difference between the angle of incidence and reſraction than before, and there - 
fore the line BF begins to bear a much leſs ratio to BC; wherefore its length decreaſes apace: upon which 
account thoſe rays which enter the ſurface about O, not only meet nearer the center of convexity than thoſe | 
which, enter at A, R From hence it is, that the point where thoſe only _ 
+ which. 


mn, of REPFRACTION. 


Caſe 2. Of pri rs ping out le dn ins rs e. . . 
 furface of the denſer. eee ara 


Let AB be the concave. date uh the dad Ga © th) eanter of contnity; . 
HA and DB-two parallel rays. Through B the point where the oblique ray DB enters to OP 


rarer medium, draw the perpendicular CN ;. and let the ray DB, being in this caſe refrafted 
from the perpendicular, proceed in the direction BM ;- produce BM back: to H this will bs 
the imaginary. focus, and DBN, or its equal ACB, will be the angle of incidence; ante 
CBM, or its equal (El. I. 15.) HBN that of refraction; produce DBB to L, and draw BF 
ſuch, that the angle LBF may be equal to DBH :, then becauſe- NBD and DBH together 
are equal. to NBH the angle of refraction, . therefore BGA which is el to the firſt, and 
LBF which is equal to the ſecond, are together equal to the angle of refradtion;: but LBF 
is equal to BFA, (El. I. 29.) conſequently, BFA and BCA together are equal to the angle 
of refraction ;. and therefore ſince one of them, BCA, is equal te the angle of- incidente, 
the other, BFA, is the difference between that angle, and the ungle ef refruction- Now 
FB the fine of the angle FCB, or Which is the ſame thing, of ite ſapplerhent to two right. = 
ones, BCA, the angle of incidence, is to CB the fine of the angle BFC,-as FB to CB, chat 
is, as HB to CB; for the angles DBH and LBF being equal, the lines BP and BH are ſo | 
too; but the diftance BA vaniſhing,. HB is to CB, as HA % CA: that is, the fine of the 
angle of incidence is to the ſine of an angle which is the difference between the angle of 


incidence and refraction, or becauſe the angles are ſmall, to the difference between the ſine Plate 6. 


of the angle of incidence and that of a e e the focus from the ſurface" 17 
s to that of the center from the ſame. 1 "Ye 1 


Caſe 3. Of parallel rays baling our of. a rarer into a dender EYE, chrough + concave 


ſarface of the denſer. 
Let AB be the . let LB ad F be wwe rie 


rays. Now. whereas, when DB was the incident ray, and paſſed out of à rarer into #: _ 
denſer medium, as in Caſe the firſt, it was refracted into a line BF, this ray-LB having the 
ſame inclination to the perpendicular, will alſo ſuffer the ſame degree of refraction, and will. 
| therefore paſs on afterwards in the line FB produced, - towards P. 80 that, whereas in that 
caſe the point F was the real focus of the incident ray DBB, the Guide pink will, n cate}; 
be the imaginary focus of the incident ray LB: but it was there demonſtrated, that the 
diſtance FA is to CA, as the fins ef che angle of incidence js to ths Mliſerence bergen det 
and the fine of the angle of refraction, there fore the focal nana, 
bs to the diſtance of the center of convexity in that ratio. 


Rar eee Of pra erste ne em ee 
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Let AB be the convex ſurface of the denſer medium, and let LB and FA be the incident 
rays, as before. Now whereas, when DB was the incident ray paſſing. out of a denſer into 


nà 2 rarer medium, it was refracted into BM, as in Caſe the ſecond, having a point as Hin 
© the line M produced for its imaginary focus; therefore LB, for the like reaſon as was 


given in the laſt caſe, will in this be refracted into BH, baving the ſame point H for its 
real ſocus. 80 that here alſo the focal diſtance will be to that of the center of convexity, 


5 renn ot 1 en ben that and the ſine of the 


e ue n 85 WNT 1,31 4.108) ee ie ee 


Fig. 19. 


LE. 


wy lens may be cafily found. 


Con: 1. | Hence, 0 fines of the 1 8 of aL and of refraftion of parallel rays 
being given, and 411 the diſtance of the center of ' convexity from the Lurface, the focus, of 


T. uf haeanerch a ghafobers, fromthe ie proc ew ae 
refracted by it, is nearly equal to a radius and a half of the ſphere. For in this caſe it will 
be FA: CA:: I: al- R, (where I and R: Agnify the fines of incidence and reſraction) 


the refore FA= 5 mh. n=; Ana if the ſphere be of water inſtead of ba, FA = == 


$3 SW 


FRO. XXIII. When ION or converging rays enter into a me- 


"2 um of different denſity through a ſpherical ſurface, the ratio com- 


pounded of that which the focal diſtance bears to the diſtance of the 
radiant point (or of the imaginary focus of the incident rays, if they 
converge) and of that, which the diſtance between the ſame radiant 
point (or imaginary focus) and the center, bears to the diſtance between 
the center and the focus, is equal to the ratio, which the ſine of the an gle 


of. incidence bears to the ſine of the angle of refraction: : that i is, FD N. 


CA: DA x CF.: :: FB: BG. 4 we Tore a 
" Caſe} *y of diverging. rays bang out of a rater into a denſer - Bees through 2 convex 


_ ſurface of the 2 with ſuch a degree of e e chat vg ſhall converge after te- | 


fraction. 


Let BD repreſent a ſpherical ſurface, and C its center of convexity ; ; and let there be two 
diverging rays AB and AD, proceeding from the radiant point A, the one perpendicular 


to the ſurface, the other oblique. Through the center C produce the perpendicular ray AD 


to F, and draw the radius CB and produce it to K, and let BF be the refracted ray; then 
will F be che focal point: produce AB'to H, and through the point F draw the line FG 
parallel to CB. TREE IT AE FRY FR 
1 | point 


\ 


nay. OF REFRACTION, 


point B, the angle ABK, or which is equal to it, becauſe of the parallel lines CB and FG, 
FGH is the angle of incidence. Now, ſince the ſupplement of any angle to two right 
ones has the ſame ſine with the angle itſelf, the fine of the angle FGB, which is the ſupple- 
ment of FGH to two right ones, may be conſidered as the ſine of the angle of incidence; 
for which ſine the line FB, as the ſides of a triangle have the ſame ratio to each other, that 
the ſines of their oppoſite angles have, may be taken. Again, the angle FBC is the angle 


of refraction, or its equal, becauſe alternate to it, BFG, to which BG being an oppoſite | 


| ſide, may be taken as the ſine. But FB is to BG in a ratio compounded of FB to BA, and 
of BA to BG, for the ratio that any two quantities. bear to = other, is compounded of 
the ratio which the firſt bears to any other, and of the ratio which that other bears to the 


ſecond. Now FB is to BA, ſuppoſing BD to vaniſh, as FD to DA; and BA is to BG, 
becauſe of the parallel lines CB and FG, as AC to CF. That is, the ratio compounded or 


FD, the focal diſtance, to DA, the diſtance of the radiant point, and of AC, the diſtance 
between the radiant point and the center, to CF, the diſtance between the center and the 


focus, is equal to that which the ſine of the angle of incidence bean to the ſine of the "ou 


of refration v. 1 43 | | | | 
Caſe 2. or n rays paſſing out of a rarer - into a denſer FN "A at a con- 


| cave ſurface of the denſer with mk a _ of Os that they ſhall * after : 


refraftion, 
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Let the incident rays be HB and bn s rarer into à denſer medium a Plats 6, 
the concave ſurface BD, and tending” towards the point A, from whence the diverging © 


_ rays flowed in the other caſe; then the oblique ray H having its angle of incidence HBC 
equal to ABK the angle of incidence in the former caſe, will be refracted into the line BL 


ſuch, that its angle of refraction KBL will be equal to FBC the angle of refraction in the 


former caſe ; that is, it will proceed after refraction in the line FB produced, having the 
. ² APs A} in the other caſe, But, by what 


» Since the focal diſtance of the oblique ray AB is ſuch that the compound ratio of FB to BA and of a0 Wc. 


| CF ſhall be the ſame, whatever be the diſtance between B and D; it is evident, that, AC being always of the ſame 
length, the more the ling AB lengthens, the more FB muſt lengthen too, or elſe FC muſt ſhorten; but if BF 


lengthens, CF will do fo too, and in a greater ratio with reſpect to ite own length than BF will, therefore the 
engthening of BF will conduce nothing towards preſerving the equality of the ratio: but as AB lengthens, BF and 


CF muſt both ſhorten, which is the only poſſible way in which the ratio can he continued the ſame, And it is alſo 


apparent, that the farther B moves from D towards O, the faſter AB. lengthens, and therefore the. farther the rays | 


enter from D, the nearer to the refracting ſurface is the place where they meet, but the ſpace they are collected in, 
is the more diffuſed ; and therefore in this caſe, as well as thoſe taken notice of in the two preceding notes, dif- 
| ferent rays, though flowing from the fame point, will conſtitute different foci; and none are fo effectual as thoſe 
which enter at or very near the point D. And fince the ſame is obſervable of converging as well as of diverging 


rays, none, except thoſe which enter very near that point, are uſually taken into confideration ;- upon which account . 
It is, that the diſtance DB, in A roy, * a convex. * 


concave ſurface, is ſuppoſed to vaniſh Ki y 
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| Plate 6. 
Fig. 20. 
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has been already demonſtrated, the ratio compounded of FD, the focal diſtance, to DA, in 
this caſe, the diſtance of the imaginary focus of the incident rays, and of AC, the diſtance 
between the ſame imaginary focus and the center, to CF, the diſtance between the center 
and the focus, is equal to that which the ſine of the angle « incidence bears to the ſine of 


the angle of refraction. 


Caſe 3. Of diverging rays paſſing out of a rarer into a denſer . through a convex 
ſurface of the denſer, with ſuch a degree of divergency as to continue diverging. 

Let AB, AD, be the diverging rays, and let their divergency be ſo great, that the 
refracted ray BL ſhall alſo diverge from the other; produce LB back to F, which will be 
the focal point ; draw the radius CB, and produce it to K, produce BA likewiſe towards G, 

and draw FG parallel to BC. Then will ABK be the angle of incidence, whoſe ſine, BF 
may be taken for, as being oppoſite to the angle BGF, which is the ſupplement of the other 


to two right ones. And LBC is the angle of refraction, or its equal KBF, or which is 


equal to this, BFG, as being alternate ; therefore BG, the oppoſite ſide to this, may be 
taken for the fine of the angle of refraction. But BF is to BG, for the like reaſon as was 
given in Caſe the firſt, in a ratio compounded of BF to BA, and of BA to BG. Now BF 
is to BA, (DB. vaniſhing) as DF to DA, and becauſe of the parallel lines FG and BC, 


the triangles. CBA and AGF are ſimilar, therefore BA is to AG, as CA to AF; conſe- 


quently, BA is to BA together with AG, that is, to BG, as CA is to CA together with 
AF, that is, CF. Therefore the ratio compounded of DF the focal diſtance to DA the 
diſtance of the radiant point, and of CA the diſtance between the radiant point and the 
center, to CF, the diſtance between the center and the focus, is equal to that which the 
fine of the angle of incidence bears to the fine of the angle of refraction. . 


Scholl. By making HB and CD the incident rays, the propoſition may be A of 
converging rays paſſing out of a rarer into a denſer medium, through a concave ſurface of 
a denſer, with ſuch conyergency, that they ſhall continue to converge. Alſo, by the fame . 
method of reaſoning as in the precedingicaſes, the propoſition may be proved, of diverging 


rays paſſing out of a denſer into a rarer medium through a concave ſurface of the denſer, and 


of converging rays paſling out of a denſer into a rarer medium through a convex ſurface of 
the denſer. - And all thoſe caſes which are the converſe of the preceding, admit of a ſimilar 
proof ; for, when rays paſs out of medium into another, the ſine of the angle of inci- 
dence has the fame ratio to the ſine of the angle of refraction, as the fine of the angle of re- 
ae od ache eee eee. through the nns lines of 


direction the contrary way. 


Caſe 4. Of ras pang out of - denſer into rarer medium, from a point besen the 
center of convexity and the ſurface. 

Let AB, AD, e rips pililoy e denier 0 b farer medium n Bhat A. | 
which is taken between C the center of convexity and the refracting ſurface BD; through 


B draw CK, —B aragdcef, e 096 WOE Fs ASE TC paklel ; 
| to 


char. 1. nt” REFRACTION. 


to BC. Then will ABC be the angle of incidence, of which BF, being oppoſite to its 
alternate and equal angle BGF, is the fine. LBK will be the angle of refraction, or its 


equal FBC, of which BG, being oppoſite to its ſupplement to two right angles BFG, is 


the ſine. - But, BF is to BG in the compound ratio of BF to BA, and of BA to BG; and 


(BD vaniſhing) BF is to BA as DF to DA, m 
BA is to BG as CA to CF. | 


- Caſe 5. Of rays. rage out of » rae no 3 denſer medium from a point between the 
center of convexity and the ſurface. 


Let AB, AD, be two diverging rays paſſing, out of a rarer into. a : denſer medium ak Plate 6. 
the refracting ſurface BD, whoſe center of convexity is C, a point beyond that from whence *'* **- 


the rays flow. Through B draw CK, and let BL be the refracted ray, produce it back to 
EF, and-draw FG parallel to BC meeting BA in G. ABC will be the angle of incidence, 
of which BF, being oppoſite to its ſupplement to two right angles BGF, is the ſine. © The 


angle of refraction is LBK, or its equal FBC, of which BG, being oppoſite to its alternate 


and equal angle BFG, is the ſine. But BF is to BG in the compound ratio of BF to BA 
and of BA to BG; and (BD vaniſhing) BF is to. BA as DF to DA; and becauſe of the 


parallel lines CB and GF, the triangles AFG. and ABC are ſimilar. BA therefore is to 


A, as CA to AF; conſequently, BA 000 FOI that is, to BG, as CA is to CA 
AF, that is, to CF. 


In like manner the Propoſition may be proved of rays paſſing out of a denſer into a rarer | 


medium cownrd ping beroen the comer of TO e 099 in all other 


ſuppoſable caſes 3 FRY 


Con. CCC benz alien; 
eee ee ee 

diverging or converging rays, the focus of any lens may be thus found.  _ 

Let it be required to determine. the bent Gees of Wü N gol: an of een 

glaſs through a convex ſurface, and let the diſtance of the radiant point be 20, and the 


radius of convexity be 5: let the focal diſtance be expreſſed by xs then, becauſe by the . 
preceding Propoſition: the ratio compounded of that which the focal diſtance bears to the 
diſtance of the radiant point, (that is, in this ſuppoſition, of x to 20 ;) and of the ratio 


which the diſtance of the ſame radiant point from the center bears to the diſtance between the 
center and the focus (in this caſe, of 25 to x5) is equal ta the ratio which the fine. of 
the angle of incidence bears to the ſine of the angle of refraction (that is, of 17 to 11% we 


- ſhall have in the. inſtanco before. us, the following proportion, 15 ag; * 4 17 8") 11, | 
and compounding them in one, which is done by CO NID the two firſt parts together, we 


have 25x : 3002100 3.4 074 fla $26 "hs 
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PROP. XXIV. Rays of light flowing from the ſeveral points of any 
object, farther from a convex lens than its principal focus, by paſſing 
through the lens, will be made to*converge to points correſponding to 


thoſe from which they proceeded, and will form an image. 


Let ABC be a luminous or illuminated object. From every point, as A, B, C, rays 
diverge in all directions. Let ſome of theſe rays fall upon a convex lens GHK placed 
in a hole GK, in the window ſhutter of a dark room ML, at a greater diſtance from the 
object than the principal focal diſtance of the lens. BH being the axis, will (by Prop. 
XIV.) paſs through the lens without refraction in the direction BHE. But the collateral 
rays BG, BK, made equally convergent by the lens, will croſs the axis at E; that is, all 
the rays which come from the point B in the object, will be united behind the lens in the 
focus E. In like manner, among the rays AG, AH, AK, which diverge from the point A, 
whilſt AH the axis (as was ſhewn Prop. XVII. Schol.) may be conſidered as if it went 
ftraight through the lens, the other rays will be made to converge, and will be united in a 
focus at F: and alſo, the rays from C will be united in D. The ſame may be ſhewn con- 
cerning every other point in the object. Conſequently, there will be as many correſpondent 
foci in the image as there are radiant points in the object: and theſe foci. will be diſpoſed in 


the ſame manner with reſpect to one another as the radiants, and will therefore form an 


image. The object muſt be farther from the lens than its principal focus, elſe the rays from 
the ſeveral radiants would not converge, but either become n. or diverging, (by Prop. 
XVII.) whence no image would be formed. 

Exp. 1. VV... 


upon a ſheet of white paper placed at the diſtance of the principal focus from the lens. mares: 
2. The rays of a candle, in a room from which all external TO Py Ong 


Girough n convex Jens, e abr. e e e e 


PROP. XXV. The image produced by rays of li ght paſſing trough | 


a convex lens 1s inverted. 


The focus in which the rays, . point A, or B, are united, is, in the 
axis AHF, or BHE, of the beam, whether it fall directly or obliquely upon the lens. But 


the axis (by Prop. XVII.) is the middle ray of a cone of rays whoſe baſe is the ſurface of 


| 3 | 8 , f F . the 


CHAP, 11. OF REFRACTION. 2-1 + al 
the lens, and vertex the radiant point. Every axis, therefore, as AHF, BHE, muſt paſs 
through H the middle point of the lens, and conſequently muſt croſs one another in. that N : 
point: from which it is manifeſt, that the rays from the loweſt point C of the object will 7 
become the higheſt point of the image D ; and tn che hong EI A TOER MU 1 
nn inverted. _ in | | , 


PROP. A. An object ſeen a a very mall aperture appears . 
verted. Becauſe the rays from the extreme diet of the 8 pag muſt have | 
croſſed at the hole. 

"The ann of light are prekubly:influlid ns thay: pul. the win EA 44; un ; 
renders diſtant objects very diſtinct to a ſhort- ſighted perſon, and has therefore the property £ + v3 
of a concave lens. This effect may, perhaps, partly ariſe from the ſmall number of rays 

admitted to the eye, by W in ſome Fans | 

be taken off. | > 35 


| PROP. XXVI. The i image will not be diſtinck, e plane ſur- 
face, on which it is received, be an at the diſtance of the Principal | 


focus of the lens. 9 5 


For otherwiſe the rays which come from a angle point in the object, will | not deve its 
e e e rey eee . 
6 
PRO. XXVII. As an object e a convex lens, its image 
departs from it, and as the object departs the image approaches. 
As the object ABC approaches the lens, the ſeveral radiants/approach it : and conſequently Puts 6. | 
(by Prop. XIX. ) the ſeveral foci which form the image FED recede; and the reverſe. But 
„ ͤ OE ſince this is the ba om 
e e | JT 


PROP. XXVIII. When the object is et parallel to the image, 
the diameter of the object is to the diameter of the diſtin& image, as the 
diſtance of the 2 from the lens, is to 9 diſtance of the i W from 


the lens. 


| The radiant A (as appears from Prop: n TE 
where the line AH, produced behind the lens, cuts a plane paſſing through the focus of F- _ : 
. mn OO OY cor- 
| GE ra 
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reſponding focus in the point D, in which the ſame plane is cut by the line CH produced. 
If therefore the diſtance of the extremities of the object, or its length, be AC, the length 
of its image will be DF. Since therefore AC is parallel to DF, the alternate angles ACD, 
CDF, (El. I. 29.) are equal; and alſo the alternate angles CAF, AFD: whence (El. VI. 4.) 
AC is to FD, as CH to DH, as BH is to EH, that is, the height of the object is to that 
of the image, as the diſtance of the object from the lens, to the diftance of the image from 


the lens. Any diameter or line drawn acroſs the object may be proved, in like manner, to 
; have the ſame ratio to any correſponding diameter or line on acroſs the image. 


PROP. XXIX. When the image pre confuſed, it is ky than 
when it is diſtin, 


For the rays, in this caſe, are not ed upon the veins ſurface exaQly at the diſtance 


from the lens at which they are brought to a focal point, but either at a diſtance greater 


or leſs: and in either caſe the rays which come from any radiant points at the extremities 
A and C, will not be collected into points on the plane at F and D, but be ſpread over a 
een ' whence ee e Hao 
diſtin image. | | 


PROP. XXX. The object and the diſtinct i image are fimilar ſurfaces. 


Thoagh the Glelef nay object which is towards the lens. be not @ plans ſurface, yet the 
light is reflected from it in the ſame manner as if the figure of the object were drawn upon 
the plane ſurface of a piece of canvas, and differently ſhaded. Therefore the fide of the 
object next to the lens may be conſidered as a plane figure. And ſince (by Prop. XX VIII.) 
the height of the object is to that of the picture, as the diſtance of the object from the lens, 
to the diſtance of the image from the lens, and alſo the breadth of the object in any part, to 
the breadth of the image in the correſponding part in the ratio of theſe diſtances; it follows 
(El. V. 11.) that the height of the object is to the height of the image, as the breadth of 
e eee part; that is, the 


i e e e aa02 


PROP. XXXI. The diameter of an image formed bh rays 1 
from a given object through a convex lens, increaſes as the object 


approaches the lens, and decreaſes as the object recedes from the lens. 


The diameter of the image (by Prop. XXVIII.) increaſes as its diſtance increaſes, and 
decreaſes as its diſtance decreaſes. And (by Prop. XXVII.) the diſtance of the image in- 
creaſes as the diſtance of the object decreaſes, and the reverſe. Whence the diameter of 


will remain at the diſtance EH: whence the ratio of BH to EH, and conſequently. (by 


CHAP: It. | OF REPRACTION. * 
te image increaſes 8 the diſtance of the objo decreaſes, and decreaſes as the diſtance of 
Ny b NEE . 5 $14 3 


— 


PROP. XXXII. When the diſtance of the 1 is given, a 35 
diameter of the image is as the diameter of the object. | "7 


If the object AC remains at the diſtance BH from the lens, the i 1 (by Prop. 3 XXVII. jy Pls 5 


Prop. XXVIII.) the ratio of the diameter AC to its correſpondent diameter DF, is given, 1 
or is invariable. Conſequently, if AC increaſes or decreaſes, DF muſt proportionally in- | 
creaſe or decreaſe, that is, the nen of the image is W_— as the diameter of the 8925 | 


1 


' PROP, XXII. When the diameter and % /, 
| ep the diameter of the image will be as its diſtance from the lens. Be 


II the diameter and diſtance of the object are given, it is manifeſt that the diameter of. 

the image cannot be varied without changing the lens. But if, inſtead of the lens GHK, 

one leſs convex, or more convex, be 'uſed, the rays will be brought to a focus, and the 4d} 620 

image (by Prop. XXIV.) will be formed at a greater or les diſtance from the lens. And RET 
fince (by Prop. XX VIII.) the diſtance of the object is always to the diſtance of the image, , 
as the diameter of the object to the diameter of the image; the firſt and third terms remain- 

ing invariable, the ſecond and fourth muſt be increaſed or diminiſhed Kiama, that is, 

the diameter of the i in will be directly as its diſtance from the A 


PROP. XXXIV. When the diameter and diſtance of the dbieck a 
F the area of the i image is as the ſquare of its diſtance from the lens. : 


Becauſe the ſurface of the i image (by Proj, XXX. \ is ſimilar to the ſurface of the objeQt, | 
whilſt the, ſurface of the object remains the ſame, the image, in every variation of its 
magnitude, muſt be ſimilar to itſelf, | But the areas of ſimilar ſurfaces (El. VI. 20. Cor. 1.) 
are as the ſquares of their homologous ſides, that is, as the ſquares of their heights or | 
breadths. Therefore the area of the image is always as the ſquare of its diameter. And . 
the diameter of the image, when the diameter and diſtance of the object are given, is Oy FPS, ; 
Prop. XXXIII.) as its diſtance from the lens: therefore the ſquare of its e 1 

e is as the ſquare of its diſtance from the lens. „„ 


' PROP. XXV. Though the diſtance of the object from the lens be 
vid the image may be preſerved diſtinct 9 Ne * Ames „ 


of the ne: ſurface which receives it. 1 5 53 1 
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This will be the caſe, if as much as the image i is brought forwards by the removal of the 


| objeQ, it is thrown backwards by diminiſhing the convexity of the lens, and the reverſe ; 


or the image may be preſerved diſtin& without changing the lens, by increaſing or diminiſh- 
ing the diſtance of the lens from the plane ſurface which receives the image, in the ſame 

ratio as the diſtance of the object from the lens is increaſed or diminiſhed ; which may be 
_ A _ o Jens gr the phe farſace. 


PROP. XXXVI. The diſtances of the object and image, and the 
diameter of the object being given, the diameter of the . will not 


be altered by changing the area of the lens. 


rn the 
former of which is always in the axis AHF of the cone which has A for its vertex, and the 
latter in the axis CHD of the cone whoſe vertex is C, which axes croſs each other in H. 


Since therefore DF, the height of the image, is the diſtance between theſe two lines AHF, 


CHD, where they meet the plane ſurface, the height of the image will be the fame, whether | 
the whole area GHK is open R 


oa near the Jens; but dt fo near 
as the principal focus, in order to make the image diſtin, the area of 
the lens muſt be ſmall. 


˙Cç˙0öK!r ap he principal focus, bo 
Prop. XVII.) could be formed. But let the object A be at a diſtance from the lens NP, 


very little greater than that of the principal focus : then the extreme rays AN, AP, of the 


cone NAP, diverging more than the rays AD, AE, if the plane ſurface which is to receive 
the rays, is placed where theſe rays are collected to a focus, the extreme rays AN, AP, 
diverging more, will not be collected, and the image on the plane ſurface will be confuſed. 
To prevent this, the extreme rays muſt be excluded by diminiſhing the area of the lens, or 
of the hole where it is placed. If the radiant A were at a greater diſtance, this would be 
unneceſſary. Suppoſing the lens at SR, the. extreme rays AN, AP, would paſs above or 
e n-. e be e e nnen , 


PROP. XXXVIII. The TID of an image, | when its diſtance 
from the lens is given, is as the area of the lens. | | 


When the whole area GHE is open, the entire cone of rays AGK palles Unoagh the 
a ſmall 


lens from the point A, unn ˙· - but when the area is diminiſhed to 


/ 


car, OP REFRACTION. 


a ſinall ſurface at H, the greateſt part of the cone is excluded, and 'no-Fays, but the ati 


A and thoſe which are near it, can paſs through the lens: whence it is manifeſt, that the 


focal point F muſt be more illuminated by the rays from A when the area of the lens is 


 _GHK,, than when the area is diminiſhed. The ſame may be ſaid of every other cone of 
. rays, and of every other point in the i image. Therefore the whole image, although (by 


Prop. XXXVII.) made more diſtin& by e will be made OS 


PROP. XXXIX. The brightneſs of the i image, es the area of . : 
lens and the diſtance of the object are given, is e as the f N 


of its diſtance from the lens. „ FTT 


The area of the 1% d e ths object bak the number 2 which DE 


paſs through the lens and form the image, is given. Now the ſame number of rays ſpread „ 


over a larger ſurface will not illuminate it ſo ſtrongly as they would a ſmaller ſurface: that 


is, the brightneſs will be inverſely as the illuminated area: and the area of the image is 


(by Prop. ee hence its brightneſs is | 


r 


4 3; 
- 


PROP. . The heat at A ech or a 1 — quis, Hed! of | 
area of the glaſs is given, is inverſely as the ſquare of the focal diſtance. 


The diſtance of the burning ſpot, that is, the image of the Gi; fry be le bes 


focal diſtance, becauſe the ſun's rays are parallel. And becauſe the heat and the brightne(s _ 


at the focus are as the number of. rays collected, the heat is as the brightneſs. But the 


brightneſs (by Prop. XXXIX.) is inverſely as the ſquare of the diſtance of the image from 
the lens: therefore the heat is in the ſame ratio, that is, in this caſe, e Bama eg 


. 


+ 3 


PROP. XII. The heat at * g af A burning gs, witha the | 


focal diſtance i is given, is as the area of the glaſs. 


The brightneſs is (by Prop. XXXVI1. ): r we the heat is a; the 3 


brightneſs: therefore tha hong 1 1s no, as 1 5 area Ld the E 


PROP. XII. The beit at the b * a ow glaſs is to the 
common heat of the 6 ſun, ene area of the W to the area we 
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Plate 1. 


Fig. . 9. 


r -: book IV. 


The brightneſs, or the heat, muſt be inverſely as the ſpice or area over which the rays 
vrhich cauſe them nn. ee inverſely as eee 


Scholl. This  prpoiion ſuppoſes all the rays which fall yu the ens to 1 through 


it to the focus. | "PF 


Exy. Moſt of the preceding et 8 8 XIX. to xxxIX. may beige: 


. firmed, in a room from which all external light is excluded, by placing a convex lens x, fixed 


in a frame which moves perpendicularly upon an oblong. bar of wood, or table BD, at 
diſtances, ſuch as the Propoſitions require, from a lighted candle Q placed perpendicularly 
on the ſame bar of wood, and receiving the images upon white paper 9. Upon this bar 
of wood, on one fide of a line over which the convex lens is placed, let a line perpendiculat 
to the 1 line be divided into parts I, 2, 3, 4, &c. each equal to the diſtance of 


the focus of parallel rays; and on the other fide of the lens, let a line be divided in the 
fame manner, and let the firſt diviſion which. is farther from the lens than the focus be ſub- 


divided into parts reſpectively equal to 3, 4, J, &c. of the diſtance of the focus of parallel 
rays.: if a candle be placed over the diviſion 2, it will form a diſtin& image on a paper 
held over the diviſion 4 ; if the candle be over 3, the image will be at 4, Kc. whence it 
appears, that the diſtances of the correſpondent foci vary reciprocally. Prop. XL, XLI, 
XLII, may be confirmed by holding a large double convex lens, or burning glaſs, in the 


. e eee e ere 


chr. III. 


oY Rerioction. 


S E 0 * . 
07 the Laws of RerLecrion. 


rr. XIX. A Rey of Light, turned back into "Of cir medium i in 
which it moved before its return, is ſaid to be reflected, 


Dee. XX. The Angle of Reflection, is that which is contained be- 


| tween the lin deſeribad by a reflected ray and a lneperpendicuar tothe | 


e e Cs AA RR Ls N 
75 * 5 10 } Let 


CHAP. 11. or. REFLECTION. te 
Let AC be the incident ray filling upon the reſlecting ſurface DE, CB will be the te- Plus 6 | 


flected eee ee eee e,, 


kor. XLII. The refleQion of na 8 9 3 * 
either partial or total: the partial reflection happens either at the firſt or 
ſecond. ſurface, the total, at the ſecond ſurface only. 


When a beam of light falls upon a thick piece of poliſhed glaſs, all the rays ill pat 
through it; but ſome of them will be reflected from the fuſt ſurface of the glaſs, w e 
beam enters. At the ſecond ſurface, ſome of the rays will alſo be reflected. Theſe partial 
reflections happen, whatever is the obliquity of the rays.” The total reflection happens when 

the angle of incidence, or the obliquity, is greater than 41 degrees. * _ Uchte which £ 


1 5 then comes to the ſecond ſurface will be reflected. See Cor. 3. Pr. XIII. 


i e The tays of light” are not refleted by ſtriking upon the ſolid pares of bodies, 


WI 1 


At leaſt as many rays are reflected from the ſecond ſurface when the light paſſes our 1 Ig 


| glaſs into air, as from the firſt when it paſſes out of air into glaſs : büt if the reflection were 
cauſed by the ſtriking of the rays upon ſolid parts of bodies, fince glaſs is denſer than air, 
that is, has more ſolid parts in a given ſpace, a greater quantity of rays would be reflected 
from the firſt ſurface than from the ſecond. Beſides, it ſeems improbahle that, at the ſecond : 
| ſurface, with one degree of obliquity, the rays ſhould meet with nothing but pores or in- 
terſtices in the air, and paſs freely into it, and that with a greater degree of obliquity, it 


ſhould meet with nothing but ſolid parts, and be totaliy reflected. Aghin, ſince water is 5 


denſer than air, if the reſtection were owing to the ſtriking of the rays upon the ſolid body, 


| it might be expected that the light would be more perfectly reflected in paſſing out of glaſs ; LE, 


into water than into air; whereas it is found, that if water be placed behind the glaſs inſtead 
of air, rays will not be reflected at the ſecond ſurface, though their obliquity be greater than 


41 degrees: from hence alſo it is manifeſt, that the reflection is not owing to the ſtriking f = 


vue b ce: ee TOO FFF 
n hg ron it. 1 7 IE 
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| "oy: XIIV. Refeclisn f is cau ſed T7 Pt powers of traction and 
bh eg in the reflecting bodies. 


Suppoſing that bodies attract thoſe rays which are very near them, and a tits lictle ,, 
farther from them ; and calling the ſpace- contiguaus to the ſurface of the glaſs, where the Fig 24 


- 


rays are attracted, he attracting ſurface ; and + 1 nent to: this: tho IP OS. 7 an 5 
ths RR may be thus tacit 2 1.38: | 5 


x) "24 
* 2 : ? 
o 
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Fg 2. 


ſhews that the ray which comes from the ſecond pin, is reflected 


— ĩð , 7 7 - aw; 


Let GG, MM, be the repelling ſurface of a piece of glaſs, and Ra a ray falling upon it. 
- This ray when it enters the ſurface will be retarded by the repulſion, and conſequently, 


refracted from the perpendicular at a. And this repulſion increaſing till the ray gets into the 
ſurface of attraction, the ray will be conſtantly retarded, that is, turned out of its ſtraight 


courſe at 6, c, d, &c. till it become parallel to MM at F the limit of the repelling ſurface. 


And in this ſituation of the ray, the repelling force, which had retarded, will now con- 
ſtantly accelerate it, and conſequently it will be continually refracted towards the perpendi- 


- cular, at , B, i, &c. till it emerge from the ſurface at /; when, the repelling force ceaſing 


to act, mp =o forget Crean in a right line. . 
the curve af l. "5 Ol 


PROP. XLV. The angle of reflect ion is equal to the angle of i inci- . 
dence, and their complements are alſo equal. 

"Ln pl of reflection, the rays (by Prop. XLIV.) deſcribe ſuch a curve at afl. And 
fince they deſcribe one half of this curve by being retarded, and one half by being ſimilarly 
accelerated, one half will be ſimilar to the other ; whence one half will make the fame 
angle with a perpendicular at F as the other half makes with it. And the bending of the 
rays is made within fo very ſmall a compaſs, that is, the curve af1 is ſo ſmall that it may be 
neglected, as in fig. 25. where the angle ACO is. equal to the angle * and conſe- 
quently, the angle ACD equal to BCD. | ; 


Exx. 1. JJ os: ofraa benkaod tom ares 
let fall a perpendicular biſecting the diameter, on each fide of the perpendicular cut off equal 
parts of the circumference; draw lines from the points in which thoſe equal parts are cut off | 
to the center; place three pins perpendicular to the board, one at each point of ſection in 
the circumference, and one at the center; and place the board perpendicular to a plane 


mirror. Then look along one of the pins in the circumference to that in the center, and 


the other pin in the circumference will appear in the fame line produced with the firft, which 
from the mirror at the 


center to the eye, in the ſame angle in which it fell on the mirror. | 

2. Let a ray of light paſſing through a ſmall hole into a dark room, be reflected from 
a plane mirror; at equal diſtances ee eee eee 
5 „„ e eee e | | 


PROP. XLVI. All refle&tion is reciprocal. 


If the ray AC, ee efeted_ in _the Kev. CB, is turned-back agaie; is tho 
 direftion CB, it will be reflected (by Prop. XL.) into AC. Therefore if ACO is the 


— 


char. 1 ey OF; Krün ie 


angle of incidence, OCB will be the angle of n enn the cgi of in" 
e ACO will be the angle of reflection. 3 


Schorl. Sir Iſaac Newton explains the aa of rellection by 3 that light, in (its 8 


paſſage from the luminous body, is diſpoſed to be alternately reflected by, and tranſmitted 
through any refracting ſurface it may meet with; that theſe diſpoſitions, Which he calls Fits 
of eaſy reflection and eaſy tranſmiſſion, return ſueceſſively at equal intervals: and that they 
are communicated to it, at its firſt emiſſion out of the luminous body it proceeds from, pro- 


bably by ſome very ſubtle and elaſtic ſubſtance diffuſed through the univerſe, in the following - 


manner. As bodies falling into water, or paſſing through the air, cauſe undulations in 


each, ſo the rays of light may excite vibrations in this elaſtic ſubſtance. The quickneſs of 
theſe vibrations depending on the elaſticity of the medium, (as the quickneſs of the vibra- 
tions in the air, which propagate ſound, depend ſolely on the elaſticity of the air, and not 


upon the quickneſs of thoſe in the ſounding body) the motion of the particles of it may he 5 i 
quicker than that of the rays; and therefore when a ray, at the inſtant it impinges upon any : 


ſurface, is in that part of A vibration of this elaſtic ſubſtance which conſpires with its mo- 


tion, it may be eaſily tranſmitted, and when it is in that part of a vibration which is con- 5 
trary to its motion, it may be reflected. He farther ſuppoſes, that when light falls upon the 
firſt ſurface of a body, none is reflected there, but all that happens to it there. is, that every 


ray that is not in a fit of eaſy tranſmiſſion, is there put into one, ſo that when they come 
at the other fide, (for this elaſtic ſubſtance eaſily pervading the pores of bodies, is capable of 


| the ſame vibrations within the body as without it) the rays of one kind ſhall be in a fit of 


eaſy tranſmiſſion, and thoſe of another in a fit of eaſy reflection, according to the apa 


: e ee een Ts 


PROP. XI VII. Rays of light refledied from « vine lurtiess tote 


the ſame degree of inclination to cach other that their ER incidene | 


ones have. 


Wo 
? — 5 
. * 2 


T ding at A aa 5 
incident ones, it is evident that each reflected ray will have the ſame degree of inclination . 26. 
to the ſurface DE, and from whence. it is reflected, that its incident one has; but it is here 


ſuppoſed that all thoſe portions of ſurface, from whence the rays are reflected, are ſituated 
in the ſame plane; conſequently, the reflected rays FC, LI, MK, will have the fame degree | 
of incline ie EO NE. 


| con. raiden ling na fin pla uric re refed pill. 


ON OPTICS. | . BOOK IV, 
"PROP. B. If a plane: mirror revolve upon an axis, the anon 


5 Water of the reflected ray is double that of the mirror. 


es e thy, If the mirror 


turn upon an axis at C ſo as to come into the ſituation FG, then the incident ray AC will be 


reflected into the line CH. Now the angle BCH which expreſſes the angular velocity of 


che reflected ray BC, is double of the angle DCF which is the angular velocity of the 


mirror. For the angle ACD = BCE=BCH + HCE. (Prop. XLV.) For the ſame reaſon 
ACF = HCG = HCE + (ECG) FCD. Therefore the angle DCF (ACD - ACF) = 


BCH - DCF, conſequently the angle BCH = 2DCF ; n is, the . e of the 


reflected ray is double that of the mirror. 
| Sener. Upon this IR $8 pans the conſtru&tion and uſe of  Hadley's _—_ 


- PROP. XLV III. Parall rays reflected from a concave ſurface are 


3 made converging. 


"Fig. 27. 


Let AF, CD, EB, repreſent three parallel rays Glling upon the concave * FB, . 
whoſe center is C. To the points F and B draw the lines CF, CB; theſe being drawn 
from the center will be perpendicular to the ſurface at thoſe points. The incident ray CD 
alſo paſſing through the center will be perpendicular to the ſurface, and therefore will return 
after refleftion in the fame line; but the oblique-rays AF and EB will be refleted into the 
lines FM, BM, fituated on the contrary fide of their reſpective perpendiculars CF and CB. 


NET ee eee after reflection townrds ſame. points as M, in the 
_ nes | | 


* . 


PROP. XIX. Converging rays ling upon a concave ſurkace are 
Re to converge more. : 5 
Let GB, HF, be the incident rays. Now, bereuſe theſe rays have NEE 8 of 'in- - 


cidence than the parallel ones, AF, EB, in the foregoing caſe, their angles of reflection 


will alſo be larger than theirs: they will therefore converge after reflection, ſuppoſe in the | 
lines FN, and BN, having their point of concourſe N farther from C than the 188 5 M. 9 


which ae rays AF and EB en the "OW caſe, 


- PROP. L. ee rays, falling upon a concave ſurface, if 1 | 


. diverge from the focus of parallel rays, become parallel if from a 


point nearer the ſurface than chan focus, will diverge leſs than before re- 


fiction if from a point between that focus and the center, will con- 
| verge 


7 


* 


1 g 3 . 


GD ATE, OF REFLECTION. 


verge after reflection to ſome point, on. the contrary. fide of Fu ente 


and farther from the center than the point from which it diverged; if 


from a point beyond the center, the reflected rays will converge to a 


point on the contrary fide; but nearer to it than the point from "which 


they diverged; if from the center, they will be reflected thither a ain. 


Let the n aueh rays be MF, MB, proceeding from'M the r Wes 
rays; then as the parallel rays AF and EB were reflected into the lines FM and BM, theſe 1271180 


e ow eee ee e e (By Prop. XLVE) Nee, 

Loet them diverge from N, .. ˙ Hcl wl-arhli thane. + 
they will then be reflected into the diverging lines HF und BG, which the incidegt rays | 
GB and HF deſcribed, which were ſhewn to be reflected into them in the foregoing propo- 
ſition; ee ee e e will. dee en ee nn 


before reflection. 4 


Let them proceed e from . en Jha the focus a7 parallel rays ul "a4 
center, they then make leſs angles of incidence than the rays MF and MB, which became 


parallel by reſlection, they will conſequently have leſs angles of refletion,' and "proceed © 


therefore converging towards ſome point, as Y; which: point will always fall on the con. 
trary fide of the center, becauſe a reflected ray always falls Ka pra. ot e 
dicular with reſpect to that on which i its fora one. falls; ey eee will be fanher' 
diſtant from the center than X. n i 
If the incident ones diverge from V, they will after n ibn converge to x; cho ch 


| wore tho incident rays in the ſormet/cale beg ths HAMIL WA > „5 ITN: 


Laſtly, if the incident rays proceed from the center, they fall in with chi ba. 


| perpendiculars, and for that reaſon are refle&ted thither again. . 


Exp. Place a concave mirror at proper diſtances from an a e or a . 2 
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propoſin ions. . . 1 IEEE, + FEE TSS i . kt 875 N 
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FRO LL Parallel rags een from a convex © ſurface a are e made. 


aeg N 1 7:1 1% 
RANKS 3.3 1 
Let AB, GD, EF, be, tte parallel, pe Gilling ,, 


Through B, D, and F, the points of reflection, draw the lines CV, CG, and CT, which 


becaule they paſs through the center will be perpendicular to. the ſurface ,at thoſe points. | 
| The incident ray GD, being perpendicular to the ſurface, will return aker refleQion. in the. 
It f ĩ˙·.1»¹00-- ON 


* 


4 


- 1 > 


er of convexity is C, and let one of them, GD, be perpendicular to the * * | 11 : 


_ of oPeTICSs.. © BOOK Iv, 


5 de their reſpective perpendiculars BV and FT. They will therefor + diverge ater rf 
4 C TE | | 


PROP. LIL. Diverging rays reflected Brink a Convex urface are 
made more diverging. 5 


Plates. Let GB, GF, be the incident rays. Theſe having larger des of incidence than the 

. a8. parallel ones ABand EF in the preceding caſe, their angles of reflection will alſo be larger 
than theirs ;. they will therefore diverge after reflection, ſuppoſe in the lines BP and FO, as 
from ſome point N farther from C than the point M;, and the degree wherein n they will 
diverge, will exceed that e (nic diverged before reflection. 


PROP. LIII. G rays reflected n convex ſurface, if 
they tend towards the focus of parallel rays, will become parallel ;—if 
to a point nearer the ſurtace than that focus, will converge leſs than 
before reflection if to a point between that focus and the center, will 
| diverge as from a point on the contrary ſide of the center farther from it 
5 than the point towards which they converged if to a point beyond the 
center, they will diverge as from a point on the contrary fide of the 
center nearer to it than the point towards which they firſt converged ;— 
and if towards the center, HOY will proved, on ee as from the 


8 | | 
3 Let the converging rays bę KB, LF, 9 wird M the focus of parallel rays; | then, 

. Fig. 23. as the parallel rays AB, EF, were refletted into the lines BK and FL, e e Oe 
on the contrary be reflected into them. ; 


Let them converge in the lines PB, OF, 1 N, a > prligt nearer the ſurface 
than the focus of parallel rays, they will then be reflefted into the converging lines BG 
and FG, in which the rays GB, GF, proceeded, which were ſhewn to be reflected into 

chem in the laſt propoſition immediately foregoing ; but the degree wherein * will con- 
verge, will be leſs than that wherein they converged before reflection. 


Let them converge in the lines RB and SF proceeding towards X, a point between the 
_ focus of parallel rays and the center; their angles of incidence will then be leſs than thoſe 
of the rays KB and LF, which became parallel after reflection, their angles of reflection 
will therefore be leſs, on which account they muſt neceſſarily diverge, ſuppoſe in, the lines 
BH and FI, from ſome point, as V; which point will fall on "08 —_— hd che center 


| wick kel ox. and will de ae from f ha x 
| S x 1 


nr il. or REFLECTION. 
. —— fri Xl 


aids; were the incident ones in one caſe, being the reflected ones in the other. £64 
And laſtly, if the incident rays converge towards the center, they fall in with their 


relppeties perpmieutare 3 on which account they proceed after refle&tion, as from thence, | 


"Exe. Tluſtrate the three preceding propoſitions by receiving _ 4 | convex | mirror, a : 
folar tay poſing W an N ora concave or r convex lens. e 50 


tc ENT gn > 


"PROP: IAV. 1 rays fat upon A 1 Gifs. if they WIT f | 


6 focus of the reflected rays will be at the ſame diſtance behind the 


fur face, that the radiant point is before it: Af they converge, it will be 
at the fame diſtance before the e . the 1 e LR of the . 


incident ray$.is. behind it. i 4 > 


Caſe 1. Of diverging rays. Let AB, / AC; be two I” rays incident is -the jt p e Plate 6. 


furface DE, the one perpendicularly; the other obliquely z the perpemicular one AB. will Fe. 25. 2 


be reflected to A proceeding as from ſome point in the line AB produced; the: oblique one 
vill be reflected · into ſome line CE, ſuch that the point Gz whete the line FO produged 


interſects the line AB produced alſo, ſhall be at an equal diſtance from the ſurface DE. with 
the radiant A. For the perpendicular CH being drawn, ACH and HCF. will be the angles 


of incidence and reflection, which being- equal, their complements: ACB- and FCE are o 


too! but the angle BCG is equal (El. I. TS.) to FCE; therefore in the triangles ABC and 


GBC the angles at C are equal, A RICA. and the angles at B are alſo Suat 
to each other, as being right ones; therefore (El, I. 260 the lines AB and BG; oppoſite to 
the equal angles at C, are alſo equal, and conſequently the point G, the focus of the inci- 


domes. ee e the ſame aten behind the ſurface, that the point A is before it. 


Cale 2. Ot converging rays... Surpoling: FC and: AB. to be two. converging 3 5 
rays, CA and BA will be the reſlected ones (the angles of incidence. in the former: caſes 


: being now the angles of reflection, and the reverſe) having the point A for their focus; 
but this, from what was demonſtrated above, is at un equal” diſtance" fromthe" reflecting 


ſurface with the point G, which f in this caſe is tlie imaginary focus of the” incident rays =: 
and AE. dy Mute rate of ek AC, holds Lad of 5 —— N 
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ſurface, and then by the propoſition, — rays wall be: fo al i, 


poof aur RY N as they P e e 36 ty e ee 
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| tion; Tn in that Wo we are to ſuppoſe the radiant 19 be 8 u infinite, diſtance 5 the 


i 
A 


PROP. LV. When parallel rays are incident upon a ſpherical· ſurface, 


the focus of the reflected rays will be the middle Point! en NEU dender Y 


of convexity- and the ſurface. | 3 : 
e 1524 EA Ye 32 210 $7 


Caſe 1. Of parallel rays falling upon a convex ſurface, 8 AB, DH, 3 two 
parallel rays incident on the convex ſurface BH, the one r the other obliquely ; 
anSlet & be the center of convexity ; ſuppoſe HE to be the reflected ray of the oblique 


incident one DH proceeding as from F, a point in the line AB produced. Through the 


point H draw the line CI, which will be perpendicular to the ſurface at that point, and the 


angles DI and 1HE, being the angles of incidence and reflection, will be equal. But 


HCF is equal (El. I. 29.) to DHI, and CHF (El. I. 15.) to IHE; wherefore the triangle 


CH is iſoſceles; and conſequently, the ſides CF and FH are equal: but ſuppoſing BH to 


vaniſh, FH is equal to FB, and therefore upon this ſuppoſition FC and FB are equal, that 
is, ee reins e between the center of ee and 


en 2. CC Les Ah, DB, by Ste 
rays incident, the one perpendicularly, the other obliquely,” on the concave ſurface BH, 
whoſe center of concavity is C. Let BF and HF be the reflefted: rays meeting each other 
inF; this will be the middle point between B and C. For drawing through C: the perpen- 
dicular CH; che angles DHC and FHC, being the angles of incidence and reflection, will 
triangle CE H is iſoſceles. Wherefore CF and FH are equal: but if we ſuppoſe BI to 


vaniſh, FB and FH are alſo equal, and therefore CF: is equal to FB; e 0s I. 


; Per e Feger eden . eee reg en e ee e 
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* Ca . 171 & i ” 2% £348 gb 7 {4 1 


%%%%ù bK˙ 
For the farther the point H recedes from B, the larger the triangle CFH will become; and conſequently, ſince it is 
always an ifoſceles one, aod the baſe OH, being the radius, is every where of the fame length, / the equal legs CF | 


and FH will lengthen 3 but CF cannot grow longer unleſs the point F approach towards the ſurface." And the 
further H is removed from B, the faſter F approaches to it. This is the reaſon, that whenever parallel rays are 


confidered, as reflected: from, a; ſpherical ſurface, , the diſtance of the oblique ray from the. perpendicular ray is | 


taken ſo ſmall with reſpect to the focal diſtance of that ſurface, that, without any phyſical error, it may be ſuppoſed . 


to vaniſh. From hence it follows, that if a number of parallel rays, as AB, CD, EG, &c. fall upon a convex ſurface, 


15 and if BA, DK, the refletcd rays'of the incident ones AB, CD, proceed as from the point F, thoſe of the incident 


ones CD, EG, namely, DK; GL, will proceed as from N, thoſe of the incident ones EG, HI, as from O, &c. becauſe 


- the farther the incident anes.CD, ECG, dc, are from AB, the, nearer to the ſurface are the points. F, Hi. It in the | | 
| Kone BF, from which they proceed after rege lion; bo that properly the foci of the reflefied rays BA, DK, ol, ce. F 


are not in the line AB produted, but in a cutve line paſſing through the points F, N, O, &c. | 
The ſame is applicable to the caſe of parallel rays reflected from a concave fuifice; as txpteiled by the dored lines . 

on the other half of the figure, where PQ , RS, TV, are the incident rays; QF, 3f; Vf; the refleted ones interſect- 

ing each other in the ane He * 975 ſo that FVVVVVVC A Oooury but iw'« curve. 


"3p | = Senor. 
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nav. I OF "REFLECTION. 
Senor. Te converſe of theſe/two caſes may be demonſtraod in in 4 bent manner, * | 
ante ee ter r 7 | | ie 


- PROP. LI. ne rye ell e a Gehicat Cirfice; if AF 


G iverge, the diſtance of the focus of the reflected rays from the 1 urface 


1s to the diſtance of the radiant point from the ſame (or, if they con- 


verge, to that of the imaginary focus of the incident rays) as the 
diſtance og the focus of the reflected rays Trom the center is to the 
diſtance of the radiant p 6 eie, focus of the incident 1 . 


; - 923 4 4.3.4 wt 0 7 1 IS 4 
tos, 5 8p oh ; „ 425 


I 3 Ih 


Cale. Kot of e . upon a convex 7 Let RB, Ab. abe em tr Plat * 


diverging rays flowing from the point R. 25 from a radiant, and falling the one 


larly, the other obliquely, on the convex ſurface BD, whoſe center is C. Let DE be. the | 
reflected ray of the incident one RD; produce ED to F, and through R draw the line RH 


parallel to FE, till it meets CD N in H. Then will the angle RHD be equal 


(El. I. 29.) to EDH the angle of reflection, and therefore equal alſo to RDH, Which is = WE 
the angle of incidence; , wheretore the triang] le. DRH is iſolceles, and conſequently DR. is 


Equal to RH. Now the lines FD and RH being parallel, (El. VI. 2.) FD is to RH, or 


its equal RD, a CF to CR; but BD vaniſhing, FD and RD differ not from FB and RB; = 


wherefore FB is to RB alſo, as CF to CR; that is, the diſtance of the focus from the 


C ˙ RES 
| the center is to the diſtance of the radiant from thence. 2 FFF 


- "Caſe 2. Of converging rays falling upon . LKD XS CB: be 8 
converging incident rays, having their imaginary: focus in the point R. which was 63 
radiant in the foregoing caſe. Then as RD was in that caſe reflected into DE, ED will 


in this be reflected into DF; for, ſince the angles of incidence in both caſes are (El, I. 15.) 


equal, the angles of reflection will be ſo too; ſo that F will be the focus of the reflected 


rays: but it was there demonſtrated, that FB is to RB as CF to CR, that is, the diſtance 


of the focus from the ſurface, is to the diſtance (in this caſe) of the imaginary: focus of the 


incident rays, as the diſtance of the focus from the center is We IE Ba ec 
& 


focus of the incident : rays | from the kme, vt: 


: lens $642 as es Þ bo 18 


1 «Yor; = 1 


Figs + 


| - Caſe 3. Of converging rays falling M a convent ſurface, — rending' * . 
between the focus of parallel rays and the center. Let BD repreſent A Fonvex ſurface, Tig. 8. 1 i 


whoſe center is 155 and focus of parallel rays is P; and let AB, KD, be twa converging. 
rays incident upon it, and having their imaginary focus at R, a point between P and C. 1 
Now becauſe K D tends to a point between the - focus of parallel rays and the center, the 


FFC AT W 
| WW»; „„ 
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Plate 7. 


Fig. 5. 


Plate 7. 


Fig. 6. 
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was ſhewn Prop. LIIT. Through D draw the perpendicular CD, and produce it to H, 
then will KDH and HDE be the angles of incidence and reflection, which being equal, 
their vertical ones RDC and CDF will be ſo too, and therefore the vertex of the triangle 
RDF is biſected by the line DC; whence (El. VI. 3.) FD and DPR, or, BD vaniſhing. 
FB and BR are to each other as FC to CR; that is, the diſtance of the focus. of the re- ; 
flected rays is to that of the i imaginary focus of the incident ones, as the diſtance of the 


| PIT OR ee e e e ir Rn Ye Waka, 


Caſe 4. Of diverging rays falling upon a concave ſurface, and proceeding from a point 
between the focus of parallel rays and the center. Let RB, RD, be the diverging rays 
incident upon the concave ſurface BD, haying their radiant in the point R, the imaginary 
focus of the incident rays in the foregoing caſe. Then as KD was in that caſe reflected 


into DE, RD will. now be reflected into DF. But it was there demonſtrated that FB and 
"RB are to each other as CF to CR; that is, the diſtance of che focus is to that of the 


radiant, ewe gs Darts T CRC HIT 


fame 


$ 


nc 8 15 the eee ce ue inantns, are ae which ae rae 
tively the converſe of the foregoing may be demanſtrated in the fame manner. | Ks 


ScuoL. 2. Let it be required to find the focal diſtance of diverging rays . 


- * a convex ſurface, W 


the ſurface is 20. 4 
Call the focal diſtance ſought x, then will the diſtance A the * 2 from the cnt be 
, and that of the radiant from the ſame 25; therefore (by VII we have the 


_ following proportion, x: 20: : S—X : 25, and x, = 22, 


If in any caſe it ſhould happen, that the value of & ſhould by « negative quantirs, the 


F f OT RUST Tienda 


„ ee 
the point F, the focus of the reflected rays, approaches to B, while- the radiant R remains the fame. For it is 
evident from the "curvature, of a cixcle, that the point D may be taken ſo far from B, that the reflected ray DE: 
ſhall proceed as from F, G, N, or even from B, or from any point, between, B and R, and the farther in is taken, 
from B, the faſter the point, from which it proceeds, approaches towards R. The like is applicable to any of the 
other caſes of diverging or converging rays-incident upon a ſpherical ſurface. This is the reaſon that, when rays 
are conſidered as reflected from a ſpherical ſurface, the diſtance of the oblique rays from the perpendicular one is 
taken ſo ſmall, that it may be ſuppoſed. to vaniſh. From hence it follows, that if a number of diverging rays are 


Incident upon the convex ſurface BD at the ſeveral points B, D, D, &c. they ſhall not proceed after reflection as from, 


In II REEL ee ee eee 
We Eta e joe pants ol 25 1 f | | 
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PRO. IVI. When any point * at | er [Joon by ite 
veht, it appears in_the dizxion- "of aa, ine: ANGINA OOO 
after its laſt reflection. 3406 alt eee, REO ups @ 41 $1 tk 01 A 

Since reflection Lives thy ire det 1o ar VVT 
the place from which the reflected rays diverge, an object ſeen hy reflection muſt appear in 
that place, The Ville ladge ant en ³ ů ͤ OA VV 
thence. 8 | | 3 ; | . 24460 EROS, PH | g 5 


— v 3 0 * * 
77 7 x * 8 5 a 4 : ' . p N . : os” 
. * 5 ob 5 2. f Or 5 * 2 1 
7 * * et 25 21 x 2 tk 


* 


' PROP: LVIE. hr an mirrors; ple. ei ſphericelliths . . 
1 radiant, when it is determined, is the interſection of n en, TE date gg 
pendicular from the radiant to the mirror, and any reflected ray. „„ 


\ 
9. 


122 3 22 
46-4 


| Let D be a radiant in any object DE, and Dy a rey Rom this radiunt refleed in ds Hee price +. 
FC; K 0D —5«ðĩjd e oY 
they meet in L; this point will be the imaginary radiant, 7 nes, = „„ GE LUNLy = 
dicularly upon the mirror, it will be reflected back in the fame line ID, and therefore will. - - 7 
appear to come from ſome point in Dl produced. And fince (from Prop. LVII.) all rays- „„ 3 
which diverge from the fame real radiant before reflection, muſt diverge from the ſame V I 
imaginary radiant after reſlection, any other ray from D, as FC, muſt appear to diverge 2% C 
from the ſame imaginary radiant with the ray DI, that is, from ſome point in DI: but the „ 8 
ray FC (by Prop. L VII.) appears after reflection to proceed in the line FC : it muſt there 
fore appear to come from ſome point in FC, and alſo from ſome point in DI, that is, from - © + 7 
; the point L, in which DI interſects FC. The imaginary radiant of the rays DI, e . 1 
5 mmm 2% 


Dur. XII. The 9 of refleion' i is, dhe inc neident a 
the reflected ray: as in +FC. 
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"PROP. LIx. m band mirrors, de ee W this lik 
| the min is qual che diſtance of the ye from It, ind fie dif 
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of any oy in the laſt i mage cho the 15 is 6 oh to the paige of 


3 3 

e af be imaginary a M, Lie ths madre rare) is: LIV.)- 
OT IT ORR ip eee e E, before the 
mirror; therefore the diſtance of the laſt image L, M, made up of imaginary radiants 


between. L and M, <orreſponding to real radiants in the object DE, is equal to the 


diſtance of that object. The diſtance of L, the higheſt point of the image, from C, any 
given place of the eye; is CFL, equal to DFC the paſſage of reflection, becauſe (by 
Prop. ae ee CñflN WE EO OT Re 


| _ . * — - a N 9 8 a * . 
4 ax 4 . 3 * 7 *% 5 7 * * + 9 8 k 5 2 . — 
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" PROP. LX. In plans mirrors, the i image is « qual 22 Ander to 3 the 
If P is the higheſt-point of the che, the mak point of the ing Wt ls Lyn. 0 x 


| Aide pergenditular DIL; ; and if E be the- loweſt point of the object, the loweſt point 


S EZM. But DIL and EZM are parallel (El. XI. 6.) 
becauſe they are both perpendicular to the plane ſurface AB. Conſequently, the diſtance 


between theſe lines, that is, the heights of the object and image, DE, LM, are equal. In 
like manner it may be ſhewn, that any diameter of the object is equal to its correſponding 


: diameter in the image: b. warp pen r * in all _ tinged and conſe- 
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. . I of the Laws of Vision. 


PROP. LXI. When the rays which come from the ſeveral Points in 


any object enter the e 17 will paint an | inverted One By ad the 


tren. 


Let ABA be a ſection of an eye. AB, BA, is the CG. a white coat which 
encompaſſes the globe of the eye, except the fore-part between A and A. The fore-part 


, e F 
. „ 


nary. OF. VISION, e 


eye, called the tunica cornea. In the cavity of the eye ls placed a convex x lens Ce, conſilt 
ing of a hard tranſparent ſubſtance. called the chrſtallins humour. This humour is kept in 
its place and fixed to the coats by certain ligaments all round it at ce, called Eons - 
ciliaria. Under the tunica cornea, and at ſome little diſtance from i it, is the iris 0, 0, which 
has in it a ſmall orifice, called the pupil of the eye. This iris is tinged with variety of 


Colours, from which the eye is ſaid to be blue, hazel, black, &c. It conſiſts of: muſcular 


fibres, which can contract or dilate the pupil. The remaining part between the cornea and 
the chryſtalline humour is filled with a thin tranſparent fluid, like water, called the ie 


humour. Se N, is a white coat which conſiſts of the fibres of the optic: nerve. woven toge: 


ther like a net: this coat is called the retina. Between the ſclerotica and the retina is 
another coat which is called the choroides. The cavity of the eye, between the chryſtalline 
humour and the retina, is filled with a tr; „„ 


humour nn culled th ie, umour. + The. Fora AWW. 
is inſerted at N. 2 „ ns | 


Mr. Hrs agen» ef the dimen of te rs dener of which. 


. Wy following are the principal particulars. .. ano Vo EE ea ld FOB > OO 


Diameter from the cornea to the choroides_ J IR I. 


_- Radius of the cornea le 2 585 SN 335 9 4.4 
Diſtance of the cornea from the firſt wither of the weine e 


| Radius of the firſt ſurface of the chryſtallinne 4331 3 N 


Radius of the back ſurface of the chryſtalline PPV 


Thickneſs of the chryſtalline 3 | +4 J 5 373 3 5 75 


eee the pupil the rays which diverge PRs the ky Ste PR any. abject ABO Fi. »: 12. 150 . 555 
* into the cavity. The rays firſt paſs into the cornea IK, which is a meniſcus like a 1 


watch glaſs, and therefore bas no conſiderable. effect upon the rays... The fore-part of e 


aqueous humour .under the cornea is convex; and therefore, being denſer than the ait, it 
will make the oral n beams from ABC. (by Prop. XVII.) rg lefs. The ' 


2 convex lens, will make 0 (by Prop. XVII.) converge | to. as many points upon the 
retina LDF. Conſequently at DEF, or ſomewhere upon the retina, as upon a f piece of 


white n in a Sacks root, an Invert], ee cee en will be 


painted. //, ah 885 + 17, e e e fg on 


- Seirok. The refrative ea Sh 4 1 3 a 


by experiment to be about the ſame as common water ; and'that of the chryſtalline'is's little 


greater; that is, the fine of incidence, is to that of refraction, out of air into che aqueous — 3 
PPT ines »(Ä—K—»»— CARRIERS e 
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OF OPTICS) * worm 


Ex. Take off the /clerrtica from the back part of the eye of an or, or other animal, 
And place the eye in the hole of the window ſhutter of a dark room, with its fore-part 
towards the external objects; 3 A perſon in the room win, 3 the OY. Ne ſee 


A | 


1 XXII. The optic axis, is — axis ** the * humour. 
non wichs abjeth at mohick-we- look: The axis PO of the chryſtal- 


line humour GPH, 8 e ar hear TOs 
Lei Gage = 


Der. XXIII. That point 6 upon * the optic axis 
continued back would fall, is called the middle of the rerina. If OP be 
e back to E, the PE E is = middle of the retina. . 5 


-PROP. LXII. The i 8 upon the retina are- cis cxvſe of viſion.” 


. that when che image upon the retine is brighe, r | 
is clearly ſeen ; and when. the image is faint, the- object appears faint : alſo, that when the 
image is diſtinct, the object is ſeen diſtinctly; and when the image is confuſed, the object 
appears confuſed. Hence it may be concluded, that theſe images are the cauſe of viſion. | 


* It is manifeſt that a different conformation-of the eye, or ſome parts of the eye, 
s heceſſary for diſtincł viſion at different diſtances. Some think the change is in the length 
of che eye; others that it is a change in the figure or poſition of the chryſtalline humour, 
r e ee 434 


PROP: EXIT. The E in wy che ”y townrds which tis optic 
Aris is direfted, is ſeen more diſtinctly than the reſt. 


It is known from experience, that when the eye Þ turned: dresuy towards any OS 
an object, that is, when the optic axis is directed towards that point, though the whole 
ccc 0 
moſt diſtinct, and the other partions of the object, being drawn on parts of the retina, ſome- 
ab e eee 
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PROP. 


cn W. or VIS 
PROP. LXIV. Rt wear wee dee er eee eg the 


12 499. B63 25 20 


retina are inverted. | h RIEL 
rl. eee eee ineonſiſtent with the explanation above given of 


viſion.” For it is not the image in tho retina, but the object itſeli, which wel ſee, and 7 
judge of its relative poſition, by moving the point of diſtin& viſiam along the objoct;; and 


determine that part to be gerbe e r e wy to be the Agents noun 15 


bite N <1 en of a sn 1 AR NL 


Sidi a, hides: a c Ir6 2364: 


i PROP, LXV. An object way appar gle, dunn iti ſeenby 


both eyes at once. F ons oft E090: JR6'3 \ 2114 Sung: ok bert 


15 Wille 2 2 aint 7 be Unit 4 


4A 


* 


; gg ag its. the object C, that is. if the optio ge AC. r ey 


in the object, it will appear ſingle. - But if, . whilſt one eye is turned towards C, the comer 
: er the other iv preſſed with ty finger” le ds es deer ths poſition br ln e eee 


uriiet 2 different way, the ſame Gbit i be ſben by each eye in a 


is ons eye will oe it in one place, and the ochar_ in a8 from whence. it muſt dppear- 
double. But, if both eyes are directed the ſame way, that is, to the place of the — 


will chen appear dbuble. For when one eye is; turned wwards egal, wu abe er, 


5 0 
ſame place, they will appear but ag , If Greber 
object D be placed at ſome confiderable nap tive uk e Fa eplgiy E : 


double 3 for finte hie eye ſee the ob D without: being: tuned — ag 


ex P is indeterminate; to the right eye it appears on the right hand of C and tothe 


left eye on me le of E, har ze, beg gal- in cs Plage ie den rent derbe ih . FI 


te the father object Dy the [neateri objeft C will appear double Furz the 


| . 
6 aripayr error api aa ——— 
and by the left eye in the direction of à line which paſſes on the right of D. In both caſes, - 


ane of . when, the e, yo 


| jg; op do not meẽt SEN other” ob ſingle, n 6 

are 22 1 pla ein it, ba : hey rp * hi the 502. _ x . 2 5 

N 5 10 rs ? 4 90 I 2 193; Unib 52 3+. 5 
J Mun 8 5 3 . 


directly 


Err. 1. View h-nearer 


| LG: Oy 80 OY 2 grid 
two candles; ib Yited tat 


g to the 


_ and,wheo-the left eycix furs) the right, xe.can. ſee ouly,the gtber,) although both candleyare - © 
viſible v if boch eyes, ha fixed Readfaſthy upon: the, hole, they will DENN candle N 


* 7 a q "1 
* 85 ks 6 
; 1 2 © & as 


when the right eye is Mt) ITS A 
Fo 
at the hals. ics; alivnsq ods d eas od od Miw 1307 49 9th r hen an Rai 
ad lie 0A ioq ach bas i A nch 530 analy . any e e . s 


lactone FI ; ' 3 — 5 5 | 2 * 5 , 7 : 4 PROP. ; 


178 


i; PRO .. LXVIII. Nm of apy 19 5 15 ff 
tional to che diameter of che image of that abject. in the reps... .....,,, 


0 OPT1Cs. 800K» 


-{PROP,-LNXVI..// There is one part of the retina where no eee 
of the object is conveyed to the mind by the image formed upon ĩt. 
This is found. by experiment. Place two ſmall circles of white paper upon 2 dark 


coloured wall at the height of the eye, and at the diſtance of near two feet from euch other. 
If the ſpectator, at a proper diſtance, ſhuts bis; tight eye and looks with the left ditectly at 


tte paper on his right hand, he will not fee che left hand paper, although the objects round. 
it are viſible. Hence it is to be inferred, that the n een 


Hmm.. 


esl. is hype (har u Frtef We fle ibn 21 . 


ſerted: and becauſe the coat called the choroides touches the retina in all other parts hut is | 
diſcontinued here r eee e nee is ane but 


eee but'this point remains underermiüedl . blanc: wn HH thind 31 


* 


hn, r Flagg, di act oiofggl anogns i 3 eco 2113 Tm 


Cn Hence an hett cannot become. jeviüble ro both eyes at once becauſe the image 
eatmou.fall-yponthejoptic nerve of cach eye at the fame time. ¶ An, object ſeen. with hoch 
ce in laid 10 appear about u of +4 ae one exe alone. Harris s Optics, 


p.46. 1 ati nit on ui 181% 81 71 bis „8 * 200 ni 1+ vu} Hong 99 $110 421 
F volt 26 08 5 Thi van oinat aff pI Raviib vim gov dud li tt] ado 


-: PROP)EXVH >» If che ehry talline humour) has) Siber te much or 
roo little coiivexity, "UF" kt Will be ee e 


4 Ie a 527179 eib cli amo 1 b 24 Of Pardo 
CN NE on ofthe eye ate doo. canvess, and bring the 
Nys to- a focus before ſhey reach the ret ina, unleſs the ohect be; brought near to it . in 
which cast (by Prop. XXVII.] the image is raſt farther back. An, otherss. the; humqurg 
the exe have do. little convexity, that the focal point lies behind the zeting.;!, 


Mhonce, ſunleſy 
che objełt is removed 0 A great diſtante rom dhe eye, the vin wi bg indiſtinct. s 


e (ood n! d ori 2d 115 aofien rid nin io nir 01 05 579 Nel sin ys bis 


Dry. r Tae hre engl in viewing any object is che — 8 4 


9 2833 5 | ; 12210 . 
the EFE by the F#3XL5; 3:5 FX ® The e hs . 


e e Bit ncter of, the ob Me, 91902 oy ore WT 7 2% 


tuntat me 


x = 


To ai eye place ar ©; ol pa es ego the-obje@ ABC is that ville eben- 
fon which ties bettyeen A and C. If two lies AO; CO; are drawn from theſe Pointe 
crofling one another at the eye, they will be the axes of. the pencils which oo fro A 
and ©, and will contain between them. the diameter imme will be 

OATS HERE SS repreſented. 


ena . OF) MSU ONο 
frepreſente each retina (by Prop. LXIL.) at F and D-:; eonſequently, DB will be we 

ctamoter\ of che image and this. diameter is contained between the two lines AO, CO; 
produced to the retina. Now: it is manifeſt, that the viſible extenſion contained between 


AO and CO, that is, the apparent diameter af the object is 25; the angle A0 and that 
che dia er of the image contained between DO and FO is as the angle DOF. But the 


angles I F, AOC, (El. I. 15.) are equal. Therefore the apparent diatneter of the 


mm 33 eee 


. IL IE, be td tt . 


Scuol. 1 e ee angle, EE the. beit © 


* 


Aber e te e but, fince by experience we learn to. judge. of ſuch diftagces as 0 5 


are not very great, by the ſenſations accompanying che different inclinarjons- of the ee, 


which are analogous to the optic angle, we expreſs theſe different inclinations of the eye, by 


that angle. In like manner, although the eye does not fee à pencil of rays, whilſt the 


breadth of the pupil bears a ſenſible proportion to the diſtance of the focus from Which che 
rays diverge to the eye, we have ſenſations from which experience enables -us to judge. of 
the place of that focus. So, the magnitude of an image upon the retina being always pro- 
portional to that of the viſual angle of the object, though that angle is not aftually-meaſured 
by the eye, the difference of ſenſations accompanying different magnitudes of the image | 
enable us to diſtinguiſh different viſual angles. "2 © wen ONT 9 OO 
| „ has its foundation in nature. 2 "$05 2253$4 Hb: ige 1 


i r . ˙ is ll A re Tf 
| optics the wattage eb cannot be accurately aſcertained, as it depends upon the colour | 
of the object, and the ground upon which it is ſeen ; it depends alſo upon the eye.” Mr. 
a ON net oy e II Wl arendy oe '3 and at a medium not lefs ha 
2 minutes. 1 25 

To che generality u th? nears diſtance ef din Vow: i apts roy Blinkbos.- 
Taking 8 inches for that diſtance, TTP EY 
N00 han r, os OO nds: | 


* 


| PROP; LXIX. When the diaet of i heck! is given, is ap A c a 

diameter is inverſely as its diſtance from the eye. . 
1 Tho date Camber of an"obje@t (Prop. L XVIII) is as WM 5" a. 
upon the retina; and (Prop. XXXI.) the diameter of the image, when the objeQt-is given, 


is inverſely as the diſtance of the object. Therefore the apparent diameter. of che: objeQ is 
alſo e Kg W 


* 7 2H" * 9; 5 » uf LEY 
whatſoever, ü eee eee 1 8 7 1 77 
n 1 111 W e eee pes: :thaws: * 
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from the eye: for the apparent ee eee el 


OF OPTICS. vo lv. 


Con. 1. Hence the apparent diameter of an objedt may be magnified in any proportion: 
. the object, ade ee e eee | 
But without the help of glaſſes, an object brought 22 
r r will at the fame time be feen CO bog GA 


Con. 2. . o. 


ABC, DEF, ſeen obliquely, appear to converge more and more, . 
Aicula Lode AD, BE, CP, 


&e. are perpetually diminiſhed. 


Cor. 3. An. horizontal plane "Al ſeems to aſcend. | For the viſual rays cut a perpendi- 
cular DR to the horizon, in points that are higher and higher, or nearer to the horizontal 


| line OG, according as they proceed from points in Al that are more remote from A. 


Con. 4. do ths ants DES anna dint. en hes Gans 
Zee 


| than'the diſtance of the eye hom the flor. 


FRO. LXX. The apprent ne of an are whoſe dine 


| is given, is direRtly as its real diameter. 


The apparent diameter of an object (by Prop. LXVII) e eee 
and the diameter of the image (by Prop. XX XIII.) when the diſtance of the object is given, 
is as the diameter of the object. hoot oro dad; bon 


OSS en on” 1 4 


- PROP. LXXI. The apparent diameters of bas 10. at * 
r e deen e 

For (by Prop SE Ee A 
be equal; and their apparent diameters (by Prop. LXVII.) are as the diameters of their 


» a 4 
Z $ L. 4 * 3 


- PROP. LXXIL / The apparent length of an object ſcen obliquely, is 


6 the apparent length of = ſubeaſ of the opic ang: perpendicular „ 


FPV. 


oblique, and DG perpendicular to the optic axis OR, then ſuppoſing them to ſubtend 
the fame angle DOF, gw ap ts R ; 


. + * = A * (by : 
N * 
* 0 F . 
* 4 Fi 1 ' 


char. wv. 0 EIN 181 ON. ä 
(by Prop. LXVIII.) their apparent, diameter will;be, qual... Can » greater 
the ſubtenſe GD i the gaze wil bes oc, n of . a br and, the, | 
you | ce dite gik ll vio axed? eee 
| 2 ä * 
Con. | Heng a ars; ears ſhortened by ng nn, „ 
xi 95010 03141 ee 99.20 v0 T 1607. ee 2 a5 Bee! 


. LXXIII. When 3 objects are ſeen obliquely, their appa- 1 
rent lengths are inverſely as the ſquares of their diſtances from the . 


Le the eye be it Oy and in the Tine BO at differen diſtances bus ihe . Ui la g- 
ſpaces DF, df, The appazent, length of DF; (by Prop LXXIL) is proportional to-the © 
apparent length of GD, the ſubtenſe, of che optic angle DO, perpendicular to che. optic. 
axis OR, In like manner, the appatent length of .df is pr r 
ſubtenſe of 4 0/. Now OD, 24. are. ſubtenſes allo, of the angle GF, gf#-. and a the 
fide Of is to the fide OF, ſo is the ſine of the angle OFF, that is, of its ſupplement OFB, ps 
to the fine of the angle OF, or . 'Hetice, fins fall angles are to ne anoctiet heat ON 
as their ſines, if theſe are a e Of wilf be to OF & the angle OEB to thi angle 
Of B ; that is, Of will be to OF, as the fubtehſs G b the ibrenſe 24,0 GD 1 
inverſely as OF to Of ; that is, "the ſubtenſes of the otic angles, and conſequently,” from 
what has been ſhewn, the apparent diameters DF, of, are inverſely as their diftarices fn. 
the eye. This proportion ariſes from the different degrees of obliquity:at-which the eye- 
ſees the equal ſpaces DF, 4. But, if their obliquities, with, reſpect o, the ce were; the = 
fame, the apparent length. of DE (by Prop. LXIX.), would be. to, tas of A mei as So 
their diſtances. Since then the apparent lengths of DF, & are. in verſely as. 
on account of their different obliquities, and alſo inverſely as their diſtances en account. of _ 7 
their different diſtances ;. on. both accounts taken together, they are in the ratio compoundec 
of the inverſe mud of ter eee UN e ER 


77588. 
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© PROP. LXXIV.. ba ee meter of an obje 
by contracting or dilating the pupil. 4 FE wp” 
For, when the diſtance is * e diameter of the | 
| remains the fame whatever h ea of this pupil, und conſdquenth All.) 
| arp damn of ee 1241 Fri HIRE] Stil 8 11 2 15 Wes 2 17 rt 7 
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Plate 7. 


Fig. 14- 


or OPTIC . Book ry. 


e confilell age (by Prop: XXIX.) is larger than! the ditin® image, and con- 
ſequently (by Prop. LXVIII.) b e cg be neee is dere d poi 
der e WEI e e eee 


Con. Hence objects appear magnified when fern” throug a Ga the drops of which 


AN e e en F 


n Bs. 08 Lent * I Pa * Nr 7 ing 
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PROP. LXXVI. A ener in motion 1255 an abject a reſt, . moving 


8 the Fontrary way... * 14 4 *4 + — 7 
74 7 n * : & 4 4. x Ws 4 7 2 5 = + 5 
„ *. 23 4 1 1 46% * ; 3 


eee e a. Get ee i the dhe ons 
towards P, its image on the tins will move from 5 to 9 the ſame effect will be pro- 


duced, if the object moves from P towards Qz and if the velocity of the 8 ae 
; 7 in each caſe, be the ſame, the apparent velocity wilt be the ſame alſo, | 


. Con, . JT... anos = nit» Gotham mori ; 
along the line QG, parallel to PK; if the motion of the object be quicker. or flower than 


chat of: the ſpectator, it will have; an at motion direct or retrograde: if the two 
r e 
motion of the ppektater. e ch *; 


Con. 2. e eee eee 


heavenly bodies are at reſt, they appear to us to move the contrary way, there being nothing 


in this caſe to indicate to us our o- motions.” And therefore- no argument drawn from 
ee eee . reqpg 5 ng orb fog either the 
Prolemaic oc Pythagerean ſyſtems. © : 0 


2 A perſon riding, 8 flowly, e e Tm 
of adjacent bodies, yet being ſenſible of his own motion, and having time to reflect in the 
intervals of theſe apparent changes, thoſe bodies appear to keep their places. But if he 
runs or rides very fwiftly, he cannot help fancying, that the bodies, which he is looking at, 


are woving towards him. | n TORO he £5 WE wins Feat 


"7 7 
1 * * 3.4 74 2 5 


PD — £- 


OP. | ſame deg egree. of ea appears. greateſt, 
ee to the optic axis; and when 
the motion is in other directions, the apparent velocity will be as * 

ooſine of the angle of inclination to the ſaid perpendicular. 


If two bodies ſet out at the ſame time from P, he OE A a at} yor- 5 
n N 


6 ——B 35 
that: their appsrent: uelocities will be cho Jam 3 for. the images esch (will: haft, m de 77 


ſame ſpace pg on the rutina; in the ſame time TA ea N Dung 
PQ; to BS, it is tnanifeſt; that, When the velocities arejequal, abe ap rſcxitn of, the gt 
body which: moves in PQ, is to-that/ of the; body mquing o in NS, 8 ES oithatiion;es 
radius to the cine of the angle S8: E FR Always. grever:than, hence ichs 
propoſition. is manifeſt. 8 W923 od e ee yah ow eg et nO eee as 
tes H vis root of a not u wbb nen eri ni uber 2i Hit nd S113 
Os 
Hs dan ame > 2.4 ho =4 
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"PROP: true! The bp ll 
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PIG regipr dec the difjanges., Matti 


Le two. bodics Hoyb Ie QC ih oro i 
chject Q be called V, and that of G, v3, and let their ap 


"If the trop bjects/be e, 


1 r. 


Vu AfA und ſfappoling.aberiveledity; 5 ta , ee CP LG a 3 
FFF e kid A. SIAK;: at 


ride WA v chende, ic U ee t EGO MI Room wht BY. 
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TE, elocitics axe proportio al.to theſe diſtances, cr apparent yelo ces 


| known 


- 5 or OS a n BY: 


| 2 e Judge. dis basel ur ay Gbſect by che viſihle length of the plane 


Wbieß les. bet den dhee pe and ce obe: When chis method fails us, we compare the 
lenk its preſent apparemt magnitude g br we; compare the 
ee n beten we eiche fem hurts ed ahobjet z or we obſerve 
becher che Efünge öf che appafent plude f ary object when! viewed from different ſtations, 
i lay de. gteat sr Amal, this change being Av ays in proportion do the diſtanee of 
the object. On this principle, we may judge of the diſtance of a neut object by obierying 
the change which is made in its apparent ſituation, upon viewing it ſucceffively, with each 


eye n n inne lifberittid of the kpparent yh e df! d Sbjech as U ,’ by 
7 r Sbject to be fo de ait F 


0 ng this, where the diftance | is very im e turn 
ch e 4 greater diftlancs; the orb arid 


Nee 


"ape alga ag Were alt pert *6wards each 6ther, afford, 


by habit, 'z ruleSavjudgiing'el thediftabbtofiiobſets 7. 3D0rgintt 50 Iv eotivolers 


- 119 HS Ta bbjesplecadiet fuck difiances, 3s: we arecvled-tp,,20d; can; teadily; how. 


4x 4 ber, we, knaw ty xxperirnce baw: much an inccegie of diflance; will dimjajſh. th 
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parent 
nde, and; therefoge: inſtantly cance) ve their real. magnitude, and, negleQing the apparent, 
Hippaſe hem of. the fine they; would ape, if they were leſs remote but his cap, only he 
Ane, where: wears! walk acquainted with, ersol magnitude of the bj W A 


caſes,,we:pudge; of: magnitudbs by the angle which: ithe object ſubtenqß at, 
ſappbſad; Jiftance; thiDis; we inſetithe teal maguſtude from — por 


F — dificice-afithe O02: 282 to G baer 26: (AV A j4i 3245” 
hib 3d: 2 welle on eben Yorba! sI 20fl -bSiogaul ef 2 11 eee 
Kalten Fi irene le „ 5 ent | 
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+ end e mere in. K. der of K le which-the"#ays deſtiibe 


Fig. 1 


1 A : Sg 11207 357 ban f d 10 187 bas I bolleg 2d © Hoido 
% g Acer Hr Patt "I'S FAIR ILY + 2 ont; Ain! 447 615 Svots 02 bor in. 2 36; esc 9 4 44.1 1 1 5 
„ 5, Thenap fon any n n D;; is paſſiogprhroagh'4-g)z@ puilm, che end of-which 


is AB, will be tefracted towards a/ndrjendidulat, and-wAldefcribs the line EE, andwhen 
_ [it de on be priſm, it will berrefrifiahfonacſpcrpendicujar,- imo. the line FG Which 
is its directiom after its laſt refraction ; and the object D will be ſeen in this direction at L 
inſtead of BD Fer thedmage in the retina will be in the place in which it would have been, 
if the.paked eye had been looking at an objed really placed at L, in the laſt direction of the 


l | 
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CHAP. Iv. 55 1 OF: VISION; 


Dos aan 6c 60 view in many different places. The object A ſeen. from the 
1 _ the 22 2 will LW aria PO nm” 


a View a6/iuguti gait aha e 15 VVV 


UL ; 7 


Schor. Kai e u 65a; lai [2 


in the dark, look through the hole at a number of candles, the hair will W 
ö PPP „% Ol =» 
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PROP. ILXXXI. An object ſeen through a medium 0 by 
plain and parallel ſurfaces, TR nnen bisher. and 1 n EE, 


with the naked eye. 


Let AB: repreſent the obje&, PRE Rr Pu On L 
RK, RL, be two rays proceeding from the point R, and entering the denſer medium at 1 


and L; theſe rays will bere by refraction be made to diverge leſs (by Prop. XVI.) and 8 
| afterwards, ſuppoſe in the lines Ka, Lb; at a and b, where they paſs out. of the 5 


denſer medium, they will be as much refrafted the contrary way, proceeding in the lines ac, 


ba, parallel to their firſt directions (by Prop. XI.) produce theſe lines back till they meet 


in e, this will be the apparent place of the point N. and it is evident from the figure, that 


| it muſt be nearer the eye than that point; and becauſe the fame is true of all other pencils 
flowing from the object AB, the whole will be ſeen in the ſituation , nearer" to the eye 
than the line AB. As the rays RK, RL, would not have entered the eye, but have paſled 
by it in the directions Kr, Lu, had they not been refracted in paſſing through the medium, * 
| the object appears brighter. The rays Ab, Bi, will be refrated at h and int the leſs con- 
verging lines 5, il, and at the other ſurface into M, IM, parallel to Ab and Biproduced, 
(by Prop. XI. ) ſo that the extremities of the object will appear in the lines Mi, M pre- 
duced, namely, in F and g, and under as large an angle Me, as the angle AgBy under 


which an eye at ꝙ would have ſeen it, had there been no medium interpoſed to reſract tho 


rays ; and therefore it appears larger to the eye at GH, being ſeen through the interpoſed 
medium, than otherwiſe it would have done. But it is here to be obſerved,” that the Haarer 
the point e appears to the eye on account of the refraction. of the rays RK, RL, the ſhorter 
is the image g, becauſe it is terminated by the lines Mf and Me, upon which account the _ 
object is made to appear leſs ; nn,, dm a tc /1,0 0 emma 


augmented by being ſeen through a medium of this for m. 5 
Farther, it is apparent from the figure, that the effect of a medium S 


| wholly upon its thiekneſs: for” the diſtanee between the lines N- and de; and conſbqueticly = 


the diſtance between the points and R depends upon the length of the line Ka: again, the 
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OF OPTICS, BOOK IV; 


andi bi depend on the diſtance between the ſurfaces CE and DF, und therefore the eka of 


TERA Rig, 5 


PROP. LXXXII. In viewing ney through a convex or concave 
lens, the object itſelf is not ſeen, but its laſt image, conſiſting of all the 
imaginary radiants from which the the ak to TOM after 5 laſt 
refraction. 0 

If AC be an obje@ nearce the convex lens GIL than its principal "TE the: rays which 


diverge from any point B in this object, will, in paſfing through the Jens (by Prop. XVII.) 
be made to diverge leſs, and the imaginary radiarit (by Prop. VI.) will be more diſtant than 


the real one, Hence the rays BG, BL, after refraction, will appear to diverge from the 


radiant E, fafther from the lens than the. real radiant B. The fame happening to the rays | 
from every other point of the object, there will be in DEF as many imaginary radiants as 


- thave are real radiants in the object ABC, which, taken together, will compoſe the laſt 


image. Aud fince all the rays fall upon the eye as if they had diverged from this laſt | 


image, the eye will be affected by the olyeft ABC in the fame manner in which it would 
be affected without the lens, RR e 
9 3 INE: | | 


© PROP. LXXXIII. An ied ſeen TNT, a CONVEX or concave * 
will appear erect, r objec. anc. its image. er cauthe ane fade vt the 
eee if they are on contrary ſides. | | | 


Te appears Genes, the-Jaſt Prop, that. all the rays which diverge from B — * sches, 


| will appear to diverge from E after refraction: and the like may be faid of any other points, 


A and D, or C and F. Now AL. is the axis of the beam which comes from A, and there- 
ſore, with the reſt of the rays of the beam, after refraction, will appear to diverge from the 
point D in the ſame right line with A. The ſame may be ſhewn of FCI. Now theſe 
right lines only croſs one another at the lens. Conſequently, the higheſt point both of the 
object and image is in DI the upper ſide of the angle DIF, and the loweſt points of both in | 
FI, the lower fide of the ſame angle; that ies the, age, mam wo 
the ſome. paſtion; with the object, LE ws | 
ee -pcincipal: facus. of the. ses lens E, de 
will be (by Prop. XXIV.) a diftin& image formed on the other ſide of the lens. If the 


_ rays thus collected are not received upon a. plane furface, they will proceed ſtraight forwards ; h 
thoſe which had converged diverging from the focus; whence an inverted image will be 


preſented to an eye placed beyond the focus. In the fame manner this, and the . 
ett ee eee e | 


= 
- * - 
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nar. | OP! VISION. 1 15 


Ex. 1. Obſerve the image of a candle whoſe rays have! paſſe IS a _Gonyer” yas, 
e e received at the focus on a white ſurface, whilſt the objedt i is on the ne op the | 


cont fide of the lens. 


2. An inverted image will be produced without a lens, by folar rays pang Ghrough a 


| very ſmall hole into a darkened room; and if the edge of a knife be. applied to one ſide of 


the hole, and moved ſlowly over it, the parts of the image ſituated oppoſite to the covered 
ee eee ee Hj5 ane een croſs, one another in 


- PROP. LXXXIV. Then pain e of an Ow? — 9 
a N placed cloſe to the eye, or to the object, is equal to its apparerit 
annua when ſeen without the lens. 


* 1 8 Kd . 4 
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3 the eye be placed cloſe to the lens at I, the diameter of the object of refratd von Pe: 


DF, is to the diameter of the object of plane viſion AC (by Prop. XXVII.) as EI to IB, * 


that is, as their reſpective diſtances from the vertex of the lens. De (as appears 25 


_—— LXIX.) their apparent diameters when ſeen from I, are equal. AT 


If the lens is placed cloſe to the object, the real radivingg couching thedhnk, 1 
| radians, _ OR eee 3 ee eee 


PROP. LXV. If an object ſeen through 4 ee | 


to the lens than its principal focus, it will appear . than o Oe" Fs 


naked eye, diſtin, and in an erect poſitio ee. 


In this caſe, the rays which come from any point (by Prop. XVII.) will Rip a 


abby refraction, and conſequently a greater number will enter the eye than if there had 


been no refraction; whence it is manifeſt, that the object will appear brighter. Beeauſe tile 


rays of each pencil diverge after refraction, but leſs than before, they come to the eye, as | 


they would if the object were at a moderate diſtance and no lens were uſed, and therefore 


will be ſeen diſtinctiy. And becauſe the refracted rays (by Prop. XVII.) diverge -lefs'than 


the incident rays, that is, (by Prop. VI.) the imaginary radiants are more remote than the 
real ones, the laſt image, as DEF, which is formed by theſe imagihary füdiante is farther 
from the lens than the object, and on the ſame ſide of the lens; and conſequently, fince the 


extreme axes DAI, FCI, omar ana the lens, 0 the _ 


| politioh with the ol ed, und appear eres. 
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crect. 


Plate 7. 


Fig. $. 


OF. oPTICS. en wei 


PROP. LXXXVI. If an object ſeen through a convex lens is farther 


from the Tens than its principal focus, the object will appear en 
than to the naked eye, confuſed, and in an erect Poſition. ORs 


If the eye be placed between the lens and the diſtinct image, es + Une Un Ie 
SUDAN hs Gab ht amy, rays dig tains convergent by hb hems, will be cloſer 
together, and therefore-a greater number of them will enter the eye, and the object will 
appear brighter, than if it had been ſeen without a lens: becauſe the rays come to the eye 


in a converging ſtate, which from one and the ſame point they do not in plane viſion, they 


be AN ee, ee Os e e wo mafos, : 


VEE 


PRO. LAXXVIL. If an \ object "MI MEN? a convex lens is in the 


888 forus, it win * _ _— to the _ 1 * __ | 


eee ig. FR e, Kg 


refraction, are brought nearer together than if there had been no lens; conſequently, more 


rays will enter the eye from every point, and the obje& will appear brighter : CT DM THe 
1 ͤĩͤ the ett will ppl Gs ot 


PRO P. D. A minute object, when ſeen through a 4 106 Very: 


| fall principal focal length, appears magnified and diſtinct, af, the Fas 


be placed in the principal focus. 
The angle under which. the object appears, will be to cher which it Gren REP Re 


E at which. it is viewed by. the naked. eye. difinfity,, *.to tho 


paingipn} ſpent boggh of the. lens, 5 
+ If the principal focal length of the las bat afien inch} end tbe iflonas if hich ahe ' 
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PROP, LAXXVII. Wien an die Gacehomhrai comes Ince 
nearer than the principal focus, it is magnified, unleſs the eye or the 
lens touches the object; and as the eye OO Om. a 23255 its i 
magnitude will decreaſe. © 5 170 
If the e ABC continues in the fame place, or does not change its diſtance BI from: 
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eye is placed. If the eye be at the yertex of the lens I, the apparent diameters of the laſt 
image DEF, ſeen through the lens, and that of the object ABC, ſeen with the naked eye, 
are manifeſtly the ſame. Both thoſe apparent diameters decreaſe as the eye recedes from 
the lens. towards O; but the apparent diameter of the laſt image dicreaſes in the inverſe 
ratio of OE to IE, and that of the object in the inverſe ratio of OB to IB. But OE has a 


leſs ratio to IE than OB, to IB; for IE and IB are unequal. quantities, of which IE the 
diſtanee of the image, is always (by Prop. XVII. and VI.) the greater, Which are equally * 
increaſed, but not proportionally: therefore the apparent diameter of the image decreaſes . 
| flower than that of the objekt, 3s the. eye recedes from the lens. Conſequently, when: the 
eye is at any diſtance from the lens, the laſt image, or the object of refracted viſion, will 
appear greater than the object ſeen by the naked eye. As the eye departs from the lens, the 
| apparent magnitude of 1906 g 8 * nn 0 eee till. 
Aim mmm ee i 55 
met 13515 „ ite l 

PROp. LXXXIX. 1. * Fu ee a lens is more 
remote than the principal focus, and the eye on the other ſide of the lens 
is nearer than the place of the image, the object appears magnified, and 
its apparent n will be bros. fl as the diſtance of 5 Ka from 
the image. WH heel; 185 | 
ee ati ihddaE: ihe Ease Gg 5 boths the he je and Ph 

| the image without looking through the lens; and in this fituation (by Prop. XXVII.) U 


real diameter of the object is to that of the image, as their reſpective diſtances from the lens : 


or the eye; conſequently (by Prop. XXXIV.) their apparent diameters will, be equal. 
Next, ſuppoſe the eye eloſe to the image at F, E, or D, the apparent diameter of the image 
would manifeſtly be infinite. Alſo in this ſituation of the eye, the apparent diameter of the 
object would be infinite; for, if the eye be at F, the rays from the point C are the on, 
tays collected into the eye, which appear diffuſed over the whole furface, and would do ſe if 


| the lens were ever ſo large: and the ſame would be true of the points B or A, if the ee 


| was at E or D; that is, the apparent diameter of the object ſeen through the lens is infinite: 
Sinee then the object and the image appear equal when che eye is cloſe to the lens, and-that 
both appear infinite when the eye is cloſe to the image; they muſt have increaſed equally as. 
the eye was moving from the lens to the image, and. their apparent diameters muſt always: 
| have been equal. Hence, the object in every. ſtation, of the eus when, it does not touch 
the lens is magnified. And becauſe the apparent diameter of the object ſeen through the. 
Tens is every where equal to that of the image, and that of the image (by Prop. XXXI.) 
inverſely as the diſtance. of the eye from the picture; . 
W —UUU—H BE One 
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Fig. 9. 
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' PROP; XC. If an object feen through a convex lens is placed in the 


| erica focus, its apparent e will not be e. A ith: 


. , et ahoot en 


Since in this caſe the rays from the „„en 
radiants and the image (by Prop. XVII.) are infinitely diſtant. Therefore the apparent 


magnitude of the object cannot be diminiſhed by ee eee de e ane boo wor 
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rRop: Ker: if 2 tnver lenb in mbyed whilt the eye mw eject 


remain fixed, the apparent magnitude of the object will increaſe, till the 


lens is at the middle point between them, after. which it will decreaſe 
till the lens reaches the object; provided the eye is never farther from 
the lens than the place of the i image. 

Wben the lens is at eithef extrenic (by Prop. LXXXIV.) the object is not . Mates, 
but between the extremes (by Prop. LXXXVII. and LXXXIX.) it is magnified; there- 
fore when it is equally diſtant from the two extremes, it is moſt magnified, and muſt ins 


creaſe in its apparent magnitude as the lens moves. en BH 72/000 een, 
and decreaſe, wit moves from that middle Ration towards the cee. „ 


PROP. XCII. - The apparent magnitude of an object, ſeen: . a 
concave lens, decreaſes as the eye, or the object, departs from the lens. 


It the eye touches che vertex. of the lens I, W e e e ed and: b 
laſt image are equal. As the eye recedes from the lens, its diſtance. both from the object 


© - ABC and laſt image DEF increaſes, and conſequently, the apparent magnitude of both 
decreaſes, But the diſtance IE from the laſt image increaſes faſter than the diſtance IB from 


the object, as was ſhewn in Prop. LXXXVIIL. Therefore (by Prop. LXIX.) the appa- 


rent diameter of the laſt image, or the object of refracted viſion, is diminiſhed as the eye 
recedes from the lens, more than that of the object ſeen by the naked eye.—Again, as the 
rene 


rROp. XCIIL.. ee E fans, 6 a concave Jos 


be moved from the eye, the apparent magnitude of the object will de- 


creaſe till it reaches the middle 1 eh e god ME Me 1 
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Wien is ies i denk dee b ee 
the lens (by Prop. LXXXIV. ) is the ſame as when ſeen with the naked eye., In all other 


ſtations of the lens, the object appears di miniſhed : therefore. it: muſt appear .moſt of all 
diminiſhed when the lens is in the middle ſtation, and n 


ing to that ſtation, and increaſe whilſt it is departing from thence towards the object. . 
Exy. View a candle through a convex or concave lens, in the manner deſcribed ke 
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' PROP. xc. 5 lenſes a "ths 93 4 thoſe Sis whole 


eyes are not {| ſufficiently OPER, and concave lenſes, that % 185 whole 


eyes are too convex, VVV JJ 8 
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the chryſtalline than can be done by their eyes; and concave lenſes enable the latter ine 
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. | ps uſe abs See doin, fas Me. Molyneux, than 
| that of ſpectacles, the advantage that mankind receive thereby is inferior to. no other benefit, 
not abſolutely requiſite to the ſupport of life. For as the ſight is the moſt noble and extenſive 


of all our ſenſes ;—as we make the moſt frequent uſe of out eyes in all the actions and con- 
cerns of life, ſurely that inſtrument which relieves the eyes when decayed, and ſupplies . 
| their defects, muſt be eſtimated as the greateſt of all advantages. Forlorn indeed muſt have 


been the ſituation of many young, and almoſt all old people, before this admirable invention. 
The ſame author concludes, that ſpectacles eee N 
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nor, x v. IH a plane line and che 1 5 a it ace 
to the horizon, the, object Appears erect. #4 ne A 
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"Tx ve DE, ard the mirror AB, being both perpendieular to "the wane” 1 2 | 
DI, EZ, in which (by Prop. LVII.) the higheſt and the loweſt points of the object appear, "7: 93 


| King both pereaticula 0 th fies AD, irs pra o leh" achety WES | not. meer. 
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Therefore the line DI, which is higheſt at the object, is alſo higheſt at the image, and EZ 


will be loweſt at both; therefore the image is not inverted with reſpect to the object; and 


each point of the image LM (by Prop. LIV.) is equally diſtant from the ſurface of the 
mirror with its correſponding point in the object DE: r mageres el 4, pt 
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PROP, XCVI. When the object. is parallel to a Sh mirror, the 


Ines or breadth of that part of the mirror upon which the image 
appears, is to the length'or breadth of the object, 25.007 reflected hoy ae 


to the paſſage of reflection. e * 
If the object DE relied is the mane AB. and he image LM is ſeen by the epe xt C, 


| then FN, the length of that part of the mirror which is taken up by the image, ſubtends 


the angle LCM, under which the image appears. For ſince all the viſible length of the 


image is manifeſtly included within the angle LCM, there cannot be more of the mirror 


taken, up by that viſible length, than is included within the ſame angle, Now che length of - 
the image LM is equal (by Prop. LX.) to the length of the object DE. And (El. VI..2.) 


FN is to LM, as FC to CL, or (by Prop. LIX.) CFD; that is, the length of that part 


of the mirror which is taken up by the image is to the length of the image, or (by Prop. LX.) 
the length of the object, as any reſlected ray is to the paſſage of reflection of that ray. In 
ee e tree: futon beuge eres re erf e er fr L Br 
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- Con. Hens in plas minus th are and the ar of th Gre o which © | 


*ppears,. are ſimilar. hs 3 | GS g 4 


"PROP. XCVIL, it at a certain diſtance fen the mne, the whole 
object cannot be ſeen by reflection, the whole will become viſible either 


'by bringing the 1 nearer to tie e 11 7 U the object farther j 


from it. | 1 ; 
For (by Prop. XVI) the leſs the ratio of the reflecta PUT: 6 | 


T4 tion, ſo much the leſs will be the ratio of the length of that part of the mirror on which 
the whole object will appear, to the length of the object. If therefore the refleted ray CF 
_ decreaſes by bringing the eye nearer to the mirror, ſince it is diminiſhed faſter than the 


greater quantity DFC, the paſſage of reflection, when equal parts are taken from each, the 
ratio of the reſſected ray CF to the paſſage of refleftion DFC (El. V. 8.) diminiſhing, the 


de wank of that part of the mirror, on which the whole object will be ſeen, to the 
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00 the eye may become viſible. 
| If the obje@ DE be removed: further from the glals/ the mtb ef the eib leg ey BC 55 


this er reflection DFC will alſo be diminiſhed, becauſe DFC will be increaſed whilft 


FC remains the ſame; and conſequently the length of the part of the mirror on which the 


Wuala yrnvin is diminiſhed, eee wer Ones | 
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- PROP. XC VII. If a ſpectator ſees pimſelk an in a plane me | 


placed parallel to him, the mirror muſt be half as long as himſelf. 


Wben a ſpectator is looking at himſelf, 4 ray is his diſtance 83 
and the reſſected ray is equal to it, and is the diſtance of the mirror from him. The 
paſſage of reflection is therefote equal to twice his diſtance from the mirror ; and conſe- 


| quently the reflected ray is to the paſſage of reflection as 1 ü 2: whence (by Prop, X CVI. 
the kngth of thy fab, ih wich be cn We EI „ 
to 2, or the length of the glaſs muſt be half his own length. 5 RAe 


If the mirror be at all ſhorter than this, the ſpectator will not be able to fee himſelß 


whether he is nearer to the glaſs, or farther from it. If he approaches towards the glaſs, 


the object, being himſelf, approaches as faſt as the eye, fo that though (by Prop. XCVII.) 
he might ſee more of himſelf by the approach of the eye, be will ſee julf as much Tels of 
N himſelf on account of the approach of the object. In the ſame manner it WO Oy 
A ö 


4. 


real radiant is before it: hence, if the mirror be below the object and the eye, the objet 


will have its loweſt part neareſt the ſurface of the mirror, and its higheſt part fartheſt from 


v 2 5 5 
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"PROP. XCIX. Objects perpendicular to che horizon, 809 5 in a oye . 
mirror parallel. to the horizon, appear inverted. 
"By Prop. LTV. each imaginary radiait is at ar W ite bn e fe - 
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it, and therefore will in this ſituation appear inverted : if the mirror be above the object . 5 


and the eye, the object will have ee 
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PROP. C. I a wha. ite: is inclined to the t * an u ble 


of forty-five degrees, an object parallel to the horizon will appear e 5 


in the mirror, and an "ores he ae to the Barben, JOE) 1 . 
. Parallel to it. | . en 
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Let the object CD parallel to the horizon be ſeen in AB, a mirror ſo placed as to incline, 
to the horizon in an angle of forty-five degrees. At whatever diſtance any radiant C is 
from the mirror, at the ſame diſtance (by Prop. LIV.) is the correſponding. radiant C in 
the image, or CE will be equal to cE. In like manner, DB: will be equal to 4B. Thus 


every radiant in the image is at the ſame diſtance behind the mirror, as the object is before 


it; whence the image cd makes half a right angle cBA with the mirror on; one fide, whilſt 
the object makes with it half a right angle CBA on the other: whence cBC is a right 


angle, that is, the i image is perpendicular to the antes or horizon, and We e in je | 


mirror. 


By making cd the object, and CD the image, RE I TEM in like manner-that when 


the object i ere, it will appear in the mirror parallel tothe horizon. 7 AP i 
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PROP. CI. If an object i is placed between two plane mirrors inclined 
to one another at any angle, ſeveral images may be ſeen. _ . 


Let the object F be placed between. the two plane mirrors CB, en 
avorher thet angle BCA. From the object F, draw FD perpendicular to the mirror CA, 
meeting CA in K, and make KD equal to FK. The image of F will (by Prop. LIV.) 
appear at D. In like manner, if FG be drawn perpendicular to CB, the object will be 
ſeen in G, as far behind the mirror as F is before it. ee tyre ee e,. 
but of different ſides or ſurfaces of it, will be ſeen. G6 f 

Again, ſince ſome of the reflected rays, which diverge from the ee e 


fall upon the oppoſite mirror CB, the image D may be conſidered as an object placed before- 


the mirror CB: and conſequently, when the rays which diverge from D are refleted from 
CB, if DHE be drawn perpendicular to CB, and if EH is taken equal to HD, theſe re- 


flected rays will (by Prop. LVII.) repreſent the image of D at E, as far behind the mirror 


as D is before it. In like manner, ſome of the rays from this ſecond image E will fall upon 
the mirror CA, and the image of E, or a third image of the object, will appear. And 
thus, as long as the image repreſented in one mirror is before the other, ſo long a new 
image of the laſt image will be produced. And all theſe images, beginning from CA, and 
being ſucceſſive repreſentations of D, will be images of the ſide of the object F towards | 
CA. bebe een ed pieavzrreby ug. where bel. which will be 


formed in the ſame manner, and n nne n, 


which will be G, and the froond L.. A TT aria bes 


PROP. CII. The images bc appear in two is mirrors inclined 
to one another, are in the circumference of a circle, the radius of which. 
is. the diſtance of the object from the verſes of * e e 77 
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Since FK is equal i KD, RC commas; c e ne aA I POE Fs 


| Aiſtance of the object from the vertex of the angle made by the inclination of the wires 20. 


to one another, is (El. I. 4.) equal to CD. In like manner it may be proved that CE is 


equal to CD. Therefore CF and CE are equal to one another. Thus all the ſtraight lines 111 
drawn from C to G, L, or any other image in the mirrors, may be proved to be equal to CF. 


W— 


| Conſequently, if C be made the center of a circle, and CF its radius, the circumferente 
will paſs through the points D, E, G, L, and every other image which appears in the mirrors, 175 


tat is, all the images, are in the circumference of a circle, whoſe radius is the diſtanes 
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an object is placed between them, innumerable Ines . We Ott 
may be ſeen in each, ſtanding i in a right line. | 


9 PROP. cu. If two plane Ae wk 3 allel eee, . 
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If 06 ven en OA; CB, wand ſeparated at. C, ee leſs inclined, . 


n eee the angle of inclination being diminiſhed, it is manifeſt from Prop, 6.2 5 
923 that the number of images will be increaſed. At the ſame time the circumference of 
te circle in which the images are placed will be enlarged, becauſe the vertex C is farther. 
removell from F, or FC is increafed. _ Conſequently, if the mirrors 'CA „CB, are o fr 
we: ſeparated, ths 94 ror ley ns, Go OR e N 
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place of the image is determinate, | the object and the image are in the at 5 
ſame ſituation, if they are both on the ſame ſide 9 conifer,” and 10 115 


1 contrary ſituations if they are on oppoſite ſides. 
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Let AFB be an object placed cance the coats mirror 80 an PE hee 7 eee % 145 


eee ee The mays from A, F, B, being reflected, will „ 


Prop. LII,) diverge, and the diſtances, of the correſponding imaginary radiantsT, E „M. may 

de determined by Prop. LVI. The real and the imaginary radiants are, in this caſe, on 

die ſame fide of C the center of concavity.. Now, the imaginary radiant which correſponds 
do the real one A, is (by Prop. LVIII.) in CAI the perpendicular drawn from A to the 
ſurface; and the ſame with reſpect to B, and all the other radiants, And theſe” 


be 0d all th e, being. drawn, e the; e it ok ON UI eG 


: b center; conſequently they are in the fame poſition with reſpect to each other at the object 
_ andthe image, and that Which is the higheſt at the object will be the higheſt at the image, 
e Sing ae e en ee nn, 
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perpendicular at the image, the higheſt point in the object will appear the higheſt in the | 

image, and the reverſe: that is, the object and image will be in the ſame ſituation. In like: 
pute . manner it may be ſhewn, that if the object AFB is placed before a convex. mirror, and its 
Fs 22 image IM is on the fame fide of the center, they will be both in the ſame ſituation. If the 
object AFB is farther from the concave mirror SG V than its principal focus, and if M, E, 
I, be the places of the ſeveral foci, to which the rays from A, F, B, (by Prop. L.) will 
converge, a diſtin image of the object will appear upon a paper placed at M, E, I: and if 
the paper is taken away, and the eye is more remote from the mirror than MEI, the rays. 
vill diverge from theſe foci, and become the laſt image. But, becauſe the extreme perpen- 
diculars ICH, MCK, in which (by Prop. LVIII.) the points A and B will appear, crofs. 
each other at the center C, between the object and image, A the higheſt point of the object 
will appear at I the loweſt: point of the image, and the reverſe ;; that is, the image with 
reſpect to the object will be inverted, or they will be in contrary ſinations, aan 
ff won heeveterman 


Fig. 21. 


PROP. CV. In ſpherical mirrors, concave or convex, the diameter 
of the object is to the diameter of the image, as the diftance of the 
object from the center to the diſtance of the image from the center, and 
alfo as the diſtance of the 9 from the — to the diſtance of the 
Wage from the ſurface. ; 


2 J („ FG 5 d e labs 

n ** whence the viſible length of the object AB, and alſo of the image IM, is. proportional (as 

appears from Prop. LXVIII.) to a ſubtenſe of the optic angle perpendicular to FG. The 

viſible extenſions, or lengths of the object and of the image being then perpendicular to the 

fame line FG, are parallel to one another. Hence in all the caſes, the angles ACB, ICM, 

are equal, and alſo the angles CAB, CIM. Therefore (EL VI. 4.) AB the viſible. length. 

SF OE 6s 9 MY het of the image, as AC the Gillance of the objeRt from the center 

is to IC the diſtance of the image. | 

Again, fince. the objet AFB copllts. of. real radiants, nice inege RL is faaghies 

radiants when the rays diverge, and of foci when they converge, after reflection; and ſince 

when they diverge, FG the diſtance of the object from the ſurface is (by Prop. LVI.) to 

E the diſtance of the image from the ſurface, as FC, the diſtance of the object from the 

center is to EC the diſtance of the image from the center; but (by El. VI. z.) AB is to 

MI, as FC to EC: therefore AB is likewiſe to MI as FG to EG, that is, the diameter of 

the object is to that of the image, 7177... COT: 
"nn nab. E 
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apparent diameter of ne is bs to the ee diameter of the 
image. | mY + n 


If et e AFB.and 10 MEL are (by Prop. 
CV.) as their reſpective diſtances from the eye. Therefore (by Prop. LXXI.) their 
— the equal angles AGB, NO AERIE: . 


PRO. CVII. If the eye is placed in the center of « concavem | 


i can fee nothing in the 1 mirror but its own image. NE Bayt ER 
For che eyez in this Gtuation, in. i. the- place of is 9 images and Heres er v To 
pan Genera eters: 00 80 


- PROP. CVL:. D eee | TR 

principal focus, the image appears behind 'the® mirror; n oor wh. - 

, mirror and larger than the object, ere, and diſtinct. 4 

The chjeg AFB; being:nearer-to the .concave medi ie ae 

ee TT 
tion (by Prop. L.) leſs: than before from the imaginary radiants M, E, I; whence the 
image formed by them will (Prop.-VI.) be farther from the mirror than the object; and 


conſequently ; (by Prop. CV.) it will be larger than the object. Becauſe che objekt is nearer 
the mirrov than its principal focus, it is likewiſe nearer than the center; whence (by Prop. . 


V.) the image will be erect. Laſtly, „„ becauſe the pet 
hn gs * at W 


FRO. R. 1. 3 a Concave - ro! 7 85 lg 
taacki it likewiſe: and they will be enk Hane ; N B. 1b 6 ied 


Fox the real radiants being cloſs to the-i mee the imagigary radiants are 2100; wheoes 
(by re hit. ou diameters will be equal. f 


ret of yam eee 302228 1 e ee 4 ab N 

- PROP: ex. Fer oder . Phe x. de ewt een . 
"he? image is at an infinite Wp n the. mirror, * chan the - 
object, erect, and dſtinc t. 4 3 
When the object AF Bis in the principal focus of the concave mirror - $6V, eh ing 5 


is at an infinite diſtance, It will (by Prop. CV.) be larger than the ject, on account of 
| its u mag It will be ſeen erect ad Prop. CIV. ) becauſe it is on the ſame fide of the 
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nm And ſince the rays of each beam are e enten 
eee. | . 


180 


PR Op. CXI. If the object is Gurkha from a concave mirror than it | 
focus, and the eye is nearer than the place of the image, the n wil 
appear confuſed, behind the mirror, Erect, and magnified, _ Pls 


The rigs which diverge from A, F, B, in an object A hav thy (rene 


mirror SGV chan its focus, will (by Prop. L.) be collected, and on a ſurface of white 
paper form an inverted image. If the exe is any where between B and G, the rays from 


every radiant are converging when they come from the mirror to the eye, whence it will 


* appear. confuſed,” becauſe the eye is not accuſtomed to ſee rays in this ſtate. The rays AH, 


AG, diverging from A, will, aſter reflection, converge towards I: but if the eye is nearer 
to the mirror than I, the reflected ray Gl will not croſs its perpendicular HI in any place 
beſore the eye, ſince they are in a ſtate of convergency ; conſequently, the apparent place 
of this, or any other point of the image, will be indeterminate. It will, be ſeen erect, 
becauſe MEL, the inverted image. of the object, will be drawn inverted on the retina; 
Laſtly, becauſe the rays of each beam converge after reflection, as HI, Gl, they will 


appear to come, not from points, eren hes ate abe ggf ente g berg 
eee ene bedenke eee e 


> : b ** = . F Fo 4 4 
F {18 3% 7 1 "OS. © r 5 2 3 1 | Y } Landes 
1 + 


— * 172 2 241 


PR Op. ext. If an object is farther from u concave mirror than 
its principal focus, and the eye is farther from. the-mirror than the place a 


of the image; the image appears before the mirror, inverted, and diſtinct. 


Rays coming from , E, I, an object at a greater diſtance than the principal focus from 
the mirror SGV, will (by Prop. L.) converge to AFB, and would paint an inverted image 
upon a ſurſace of white paper placed there. From thence they will diverge, (che paper 


being taken away); whence, to the eye placed any where beyond AFB, the image will 


appear inverted. And it will be ſeen diſtinctiy, PRO ee So Re e Gs 


as from an objett at a moderate diftance, | ; THE 


Scnol 17 e lang of objutts eee nate dal 
concave mirror, which: receives rays paſſing from external ain 


5 window-lhutter, and colledts them into a focus on a ſurface of white paper. , . 


SCHOL. 2. A concave mirror, collecting the parallel rays of the ſun. into FRY will 
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PROP. CXIIL. When an object is placed before a convex mirror, 
its image appears behind the mirror. neared the mitror: and leſs than 
the object, diſtinct, and get. . 


* = 
2 


If AFB is an object placed before the oth Ops $GV, the rays which before-reflecs Plate 2 
tion diverge from A, F, B, will (by Prop. LVIII. after reflection diverge from as mr . 
radiants I, E, M, behind the mirror, forming the image. And becauſe the reflected rays 
(by Prop. LII.) diverge, more than the incident ones, the image 1M (by Prop, VI.) will be 
nearer the mirror than the real radiants or object AFB: whence (by Prop. CV.) the image 
will be leſs than the object. And becauſe. the reflected ra 3come, to the eye, in a ſtate , * 
divergency, the image will be ſeen as diſtioRtly as as any viſible object, ſeen by fuch diverging 1 55 
rays,” at the ſame diſtance. '' Laftly;/ if the object AFB were at an infinite diſtanoe from the' 
mirror, the rays proceeding from any point in it would fall parallel upon the mirror, and 
therefore would upon reflection form the image in the principal focus, that is, in the middle 
point between G and C, or on the ſame fide of C with the object; whence (by Prop. CIV. ): 
it would be erect. At any finite diſtance of the object, the image, being fill 8 
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PROp. cxuv. When a ks eye or . object 3 Po ny 
convex mirror, the apparent diameter of the image decreaſes. CF: - 


— 


If the objeft AFB cite in ie Mes 0 s IM will (by Prop. een 
at the ſame diſtance. from the mirror; and (by Prop. CV.) the real diameter will be inva- P's 2% | 
riable : conſequently (by Prop. hene PL | 
as the diſtance of the eye. | 
If the object AFB departs from the mirror, the ratio of FG, the ditaiice'Þ be r e 5 
to GE, that of the image, (El. V. 8.) will increaſe: whents' (hy Fg OV) ihe tatio'bt 
the diameter of the object to that of the image will likewiſe increaſe,” that is, the image will 
| become leſs with reſpect to the object: but, the eye remaining in the ſame place, the apparent 
diameter of the image will toy Tons. 6 F nſequen e 
ven meter ice | 15; 7643; 73-3094] 47 ts Pn 1 


Exr. The Propoſitions in this ſeckion e, by placing 4 bed 
b . W 0 Wee according tothe terms of the ropes Prophitions. 4 
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of the ferent enen - luacnr. 


nb xv. Rays of light are ' differently refrangible, 2 at * 
23223 e move nee e 
than others. Abart. 

Dr. XXVI. wien are Aierenth rei, when fowe are 0mm 
eafily reflected than others, NE OP i: 1 

Dee. XXVII. Li ght is called 8 1 al Ou rays are 
equally refrangible ; and eee when ſome Ars are more re- 


frangible than others. 


Dey. XXVII. The Colours of eee rays, are called l primary Dy 


_— barer thoſe of Wm rer ee or e 


PROP. xv. The rays of the fun are not all ay Sgt; 1 


and. thoſe, rays which have a different . of A Soy 


likewiſe. a different colour. tia 4 9 


I a beam of light han thi ke e e erb a Mb 
window-ſhutter EG, and is received upon a white ſurface, a white round image will be 
ſeen. Tf a glaſs priſm ABC is ſo placed as to receive the beam of light, the rays of this 
beam, from their refraction in paſſing through the priſm, will be turned upwards, and the 
refraQed image PT. will be oblong, having its breadth equal to the diameter of the circular 


picture O. H all the rays were equally refracted upwards, it is manifeſt that ſuch A re- 


fraction would not change the form of the picture. Since therefore the refracted image is 
oblong, it muſt. be formed by rays differently refrangible, which fall with equal angles of 
obliquity upon BC the firſt fide of the priſm, but are ſome of them, in refraQtion, turned 


more out of the way than others; thoſe rays which go to P, the upper part of the image, 


being moſt refrangible, and thoſe which go to T, the lower part, being leaſt refrangible. 
This oblong image is of different colours in different parts; the whole image being made” 


up of rays of ſeven different colours, in the following order, beginning with thoſe which 


n cane 


are mpſt refrangible z violet, indigo, blue, green, yellow, orange, 1 This: .refrated _ 
picture conſiſts of ſeveral round pictures ſo near each other, that each bigher circle, 57 in 


„ + A 


part with that below it, whence the colours near the upper and lower edge of each circle 
are blended. - The, fides of "gle. circles 12 very near to each other appear like ght 
. : 4 FFC 1 2 011 t bie vaten 252 bp 866 


el by the reſraction of the ra) 3 in p lune 


: TRE 1% rinnt youths; e 219675 7 a 


"Exe. 1. Obſerve the priate imagh form 
through a ſingle priſm. 


Re ſeparate the fem colours as much Fes poſlible, make the hole. F 1 al window- Plate 7. 


ſhutter very ſmall, and collect the rays which! paſs thtordgh'it; into 4 focds 
lens MN. Let the rays which have paſſed through the lens be now rezeived up aiptifm 
. near the lens; the rays will be refracted upwards into an oblong image. 


ven s. 


1 prove that the prifmatie image is produced by the different 'refranghbility of the Plate 7. 
rays, and by no other cauſe, let a ſecond priſm DH be placed beyond the firſt * at * 23. 


right angles to it. The rays paſling through this ſecond prifin + arc refratted fidẽ ways; thole 
which were moſt refracted upwards by the fiuſt priſm, are. maſk refracted ſide ways Wende 
e but, 45 mag: not en "oe bie nm n 2 


1 D 20 zen r 


- PROP. CxVI. Tho rays of belt which are mot re 


ee Xt Tt hs 4121 21 A SHE BET 


us moſt reflexible. „ | | 
>. elite: v laue | 


Ii the'bearn. of light paſſing e 8 whoſe des. Ach A are f, of 
phony and the angle at A a right angle; when the iobliquity of «theſsravs/'as they dne to Fig. 26. 


paſs out of the priſm at its baſe BC, is leſs/than: 40 degrees, (by Cor. 3. Prop. NI) the 

greateſt part of the beam will paſs through, hut ſome rays will be reflected at the ſurface 
BC. Thoſe rays which paſs tbrough the baſe (by /Prop; CNV.) form an; Geng coloured 
image at HG, between the moſt refrangible ray MH, and the leaſt refrangible ray MG. 
If the rays which are refleted from M are made to paſs through another priſm XY Va they 
will alfo form a faint oblong coloured image pt. ow, if the priſm ACB is turned 'Dowly 
round upon its axis in the direction ACB, the-obliquity of the rays FN te che bal BO, 
will continually inereaſe, till all the rays will be reflected at M. Conſe 
pt will become much brighter than before. And this total refleQion will, not be produced at 

once, but the moſt refrangible rays MH will be firſt entirely reflected; for the violet colour 
in HG will firſt diſappear, and the ſame colour at p will firſt become brighter. In like 
manner, as the priſm ABC is turned round, each different fort of ray will be reflected fooner, 
as it has a greater degree of refrangibility, Hence it appears, that the rays of the "OE 
different 8 of bs 12mg ba _ 15 thoſe which are moſt IN are alſo moſt 
 reflexible.” MT EL 9 1 enafin LO if 3 OH 

| | | CUE 33 Y 1 61G 271} 44A "M01 Menn 


\ * K 5 5 3 * % F 8 y ; 
; . 5 i : L « ; 4 $> # 
5 * * y N p » * 1 A 4 ct — 
5 2 4 8 , b : 
c - . a v I » 3 I © 
. — - < N «= ; $ 


F6F OPTICS BOOK iv. 


' PROP. CXVII. Homogeneous light is refracted regularly without 
any dilatation of the rays. 


"Exe. JJV 0c 
the reſt, in the manner deſcribed in Prop. CX V. if ſome of theſe rays are tranſmitted through 
a ſmall hole in a thin board, and refracted by a priſm placed in the other fide, I 
tamed by ate rays after refraction will not he oblong, but circular. 


- PROP. CXVIII. The confuſed appearance of objects ſeen through 
refracting bodies, is owing to the different refrangibility of light. 


Exp. Small objects placed in a fan beam and viewed through a priſm, will be ſeen con- 
fuſedly; but if they are placed in a beam of homogeneous light ſeparated by a priſm, my _ 
will appear as diſtinQ through a priſm, as when viewed by the naked eye. 


-Scnor. 1. Although the 13th Propoſition (in which it flea eater ay nf 
the fun is paſſing out of one medium into another, the ratio of the ſine of incidence to the 
refrafted fine will not be changed by changing the obliquity of the incident ray) proceeds 
upon the ſuppoſition that all rays are equally refrangible, and therefore is not exactly true; 
44> 15:50 grabs ee which are 


- equally refrangible. | ; 


Scho. 2. ere 
of the rays out of one given medium into another, will turn the violet rays more out of the 
way than the red rays; the attracting force which acts upon both being the ſame, it is 
, My Pet P ST ne 
e ee ee eat as 343990 


PRO. c XIX. "The! colours of PATTEN, li 12 can | neither] be | 
changed by refraction nor reflection. 


Ex. 1. W of hace Hut pub nt + (nts 4 AG. 
e ee ee EM ONE. Fw 


me. 
2. Red lead, viewed in homegrncous red light, will be red, but if alecet in green, or 
er eee. POO Trane of Gore mann. 5 


PROP. CXX. The whiteneſs N the ſun? 8 light ariſcs from a hes | 
mixture of all the * colours. | 
9 > Exe, If 


CHAP, v. OF COLOURS. 


- 
* 


"Exe, If che oblong picture PT fall upon the convix ans: MN, the rays, YN 


ſeparated at PT, will, by paſſing through the lens, be collected into a focus at G, and form. 
a round image of the ſun upon a piece of paper DE. This image formed of all the primary 
ſorts of rays, is white, . That the whiteneſs of the image is owing to the due mixture of 


all the ſorts of rays, appears from hence, that, if any of the colours be intercepted at the 
lens, the image loſes its whiteneſs. The paper being removed from DE to de, the rays, 
having croſſed at G, will form the priſmatic image tp, inverted, ig e ö 


. 1 —2;;öĩ POE 
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' PCOP. CXXI. The colours. of. all. bodies are. ear ahhh? 


colours of homogeneous light, or 8 compound e as Fines from 
a mixture of homogeneous light. „ 


Lack fort of light bavieg a. peculiar.colour of is. own, . reflefion 
can alter, ſince bodies appear coloured only by reflected light, their colours can be no other 
0 198 e eee 0s of 3 OOO ; 


Au f 


„ 
3 


ſtance, when drawn into thin plates, become coloured. 3 0 
Exr. 1. - IF a Pap. bubble be blomm up and fat under: dad that che motion of the air 


may not affect it, as the water glides down the ſides and the top grows thinner, feen 


PROP. CXXIL Water, air, Pre, or any other eee, fub- 3 


colours will ſucceſſively appear at the top, and ſpread themſelves from thence in rings down 1 55 | 


the ſide of the bubble, till nnn 3 


nannten K 111 «nh 


2. If a piece of plane poliſhed . Ae da 
the interval between them is filled up with water, as the glaſſes are prefſed together the nme 
colours ariſe at the point of contact, and ſpread themſelves in circular rings round that point 


in the ſame order as in the a e re 


1 A convex and concave lens, of nearly the fame curvature, being prellec cloſely Te 


eogeriies; exhibit rings of colours about the point” where they touch, Between the 


there are dark 1 rings, -and when the glaſſes are very much compreſſed, the central — is, 
dark. Sir I. Newton found the thickneſs of the air between the glailes, where the colouts - 
appeared, to be as 1, 3, $, 7, &c.- and the thickneſs whete the dark rings appeared, to be as 
o, 2, 4, 6, 8, &, The coloured rings muſt have appeared from the reflection of the 
light; and the dark rings from the tranſmiſſion of it. | Conſequently, the rays were truni- 
mitted when the thickneſs of the air was, 0, 2, 4, 6, 8, Kc. and reflected at the thickneſſes. 


15 3. 55 75 et Sie J. 3 N ſuppoſed, that every. ray 5 light, in ts paſlage "Wh 
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| "Hog arp dens Bos Turkce,” is put into a certain fate, which, in the progreſs of the ray, 


che colour is e ee . 


| returns at equal intervals, and diſpoſes the ray, at every return, to be cafily tranſmitted through | 
| the next refracting ſurface, and, between the returns, to-do raſily-peſloKted by it. er be 


calls fits of cafy tranſmiſſion and reſie tion. See Sehot. Prop. XIV. 
"4. To pieces of plate glaſs wiped'cleai, eee ee form: eee | 
conſiderable force, and exhibit various ranges of eolours. One of the moſt remarkable circum- 


ſtanees attending this experiment, is the facility-with which the colours may bo removed, 


or even made to diſappear, by heats too low to ſeparate the glaſſes. A touch of the finger 
- irregular rings of colours to contract towards their center, in the 
part touched. elt )))) gd Fo AED. EO 


Con. 1. 4 e e it appears plain, that the colours of bodies j 116 
ſome degree, upon the thickneſs and denſity of the particles that compoſe them. 1 


Cor. 2. Hence, if the denſity, ey 1 in the ſurface 3 hs be Ey 


* 
© 


Senor. 1 When the thickheſ 4 the 18805 of a \ bady 5 is s ſuch, that one fort of EE 
is "reflected, other colours will be tranſmitted, and therefore the body will appear of the firſt 
colour. And, in general, a leſs thickneſs is found to be neceſſary to reflect the moſt refran- 
gible rays, as violet and | indigo, t than thoſe which are leaſt refrangible, 7 


5-3 Lis 


$cnoL...2. Fr L Ne ton \from a great variety of experiments on light and ee 
concludes that every ſubſtance in nature is tranſparent, provided it be made ſufficiently thin. 
Sold, when reduced into thin leaves, tranſmits a bluiſh-green light. If we ſuppoſe any 
body; therefore; as gold, for inſtance; to be divided into a vaſt number of plates, ſo thin 
as to be almoſt perſectly tranſparent j it is evident, that all, or the greateſt part of the rays 
will paſs tlirough the upper plates, and when they loſe their force, will be reflected from the 
under ones. They will then have the ſame: number of plates to paſs through, which they 
had penetrated before; and thus, according to the number of thoſe plates through which they 
are obliged to paſs, 2 one colour or another, juſt as the rings of colour 


0 dumme 


The philoſopher who wn fin win diſtinguiſhed himſelf on the ſubject of light 
and colours, is Mr. Delaval, who, by a great, variety of well conducted experiments, has 
ſhewn that colours a are exhibited, not by reflected, but by tranſmitted light. T his he proved 
by covering coloured, glaſs, and other tranſparent coloured media, on the further ſurface, 
ee f e when he found that they relecbed no colour, but ap- 
peared perſectly black. _ 675 

He concludes, therefore, that, „„ | 
when cleared of heterogeneous matters, to be perfectly white, the rays of light are refleQed ; 
from theſe white particles, through the coloured media with which they are covered; that 


eee hong aka certain rays in their paſſage gy while 
A irew 
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„ exhibit, according to theſe circumſtances, different. 
_ colours, 

Mr. Delaval inſtituted other W witk could fluids put into phials of flint glaſs, 
in the form of a parallelopiped. The bottom, and three ſides of each phial, were covered 
with a black varniſh, the neck and ce from being leſt uncovered. On expoſing then 
to the incident light, he found, that, from 20 my of the phials which were 4 90 no 


light was reflected, but 1 riely plack 2 7 light er ee the yn- 

coated parts of che phials was f different ORR, The el * ſpread thinly on a white 

 grotndl,- exhibited (their kbpell 618H5 ; . in che! 

a white: ground, and trapfiiittedcthrough a cle 
From theſe, and many other experiments, Mr. 

particles do not reflect 2 light. (2.) That a medium, ſuch as Sir I. Newton deſcribed, 


is/diffaſed over-the aniteribr and Further ſutfaces of 'th&platts,* wheteby"WbjeAs! a detect 


equally ind regularly, #5 ina mirrdt 0 12 1 Bey bag quib ads 155109 Diw ovot 265 Te nan _ F 
uren e Kona the colouring particles chemſelvesg \inihitted with other mem“ 


Fol. this purpoſe; he reduced ſceraf tranfparent-Sleurecdf liquors to al fil confiltence” by 


evaporation vv ith à gentle heat; which does not itjjure'the r ne 1 SPARE: 


allo the colouring particles reſſect no light, but are petfetly black. er att 


To determine the principle on wich opake bodies appeat - ee it müſt be 


recollected, firſt, that all the coloured liquors appeared ſuch only by tranſmitted light; and, 
ſecondly, chat theſe liquars, ſprend thin upon white, ground, exhibjted their reſpectiveco- 

lours; he therefp l Toute all coloured bodies, which are not tranſparent, | conſiſt of 
_ a ſubſtratum of 12 W n & which is thinly covered-with the colouring particles. 


On extracting, by means of _ wy wine, the colouring matter from the leaves, Wood, 


and other parts of vegetables, he found that the baſis was a ſubſtance perſectiy White. He 
alſo extracted the colouting matter from different animal 'ſubſtirices,, 8 fleſk, Feathers} Ye. 
hen the ſame concluſion was dbthiped. Fleſh conſiſts of fibrous jveſſels, containing blopd,!; 
d is perfe&tly white when diveſted of blood by ablution, and the red colour proceeds from 

the Tight which is Tegected from ' the white 'Abrois"ubltints,"thfoligh die. red trat 

| RA formed by. the blood. The "reſult ; Was the Lame fed an 'exainſnation of the this” 


1 T3900 1 * 71 3 
 nera] kingdom. 
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ne" 5 261 0 2109 Nen on 
Delayal concludes, (. „ Tag fie Bela : 


Sone portions of Ii oht 11 Seen "EW « body, '6r"ftoih EY 5 


medidm into which it enters, tranſparent bodies tetluded to poWdef, and and water in te 
ſhape of froth, appear "white, Witch n is no other than a cdplous Yefletioii of light foi zul £1 
the faridien e ee and from the air interpoſed between lem. 


For a full inveſtigation of this curious and intereſting che ie the reader muſt be referred 1 
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PROP. xx. "Wh ie ar3' ve his has? bl nts ae 
rain and enter into it, ſome of them, after one reflection and two refrac- 
tions, may come to the eye of a (pekator, whoſe back is towards de 
ſun, and his face tow a, the drop. - be le milk we 2 | 

. SD, rg 3 


E S340 
* 


mt of ho mays wil enter the drop, and paſſing on to the ſecond ſurface, will be tranſmitted . 
through the drop. But at PG. in the ſecond ſurface ſome few. rays will be reflected, and 


proceed in ſome ſuch lines as NR, NQ; and coming out of the drop in the lines RV, W. 
they may fall upon the eye of a ſpectator, placed in thoſe lines with his face towards the 


drop. Theſe rays are refrafted when they enter the drop, Py TR von. 


MOON Har eee ; 5 


Dex. XXIX. When rays of light reflected dad Mg f hr 
come to the eye, thoſe rays which excite a e of 1 are RATS, 


effeftual. 


PROP. CXXIV. VTV of rain, 
they will not be effetual, unleſs they are parallel and contiguous. N 
Moll of the rays, which enter the drop between X and A, paſſing out of the hinder. 


ſurface between P and G, only a few rays are reflected, and come out of the drop through 
the nearer ſurface between A and V. Now of theſe, only the rays which are parallel to 


one another will be effectual, becauſe if they diverge they: will be fo far aſunder when they 
come to the eye, that only a very. few of them can enter the pupil, and no perception, of 


colours will be excited. Alſo, eee near each other, the : rays, 
will be e e aan wie PLETE DDS ee IU 5 $9 29 FEI: a i 


PROP. CXXV. When rays 1 1 come out „ a 1 of 1 rain 
after one reflection, thoſe will be effectual which are reflected from the | 


hp AR OO MEE 85 oothes, 
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au AB; CD, when Wey hives fed "out be he r e 7 dec I >. 
refracted towards the perpendiculars' BL, DL, by Prop. XI. And as the ray AB falls 


farther from the axis than the ray CD, AB will be more refracted than CD: ſo that theſe 


rays, though parallel to one another at their incidence, may deſcribe the lines BE, DE, 


after refraction, and be both of them reflected from one and the ſame point E. Now all 
rays, which are thus reflected from one and the ſame point, when they have deſcribed the 
lines EF, EG, and aſter reflection emerge at F and G, will be ſo refracted, when they paſs 
out of the drop into the air, as to deſcribe the lines FH, Gl, parallel to one another. If 


theſe-rays were to return from E in the lines EB, ED, and were to ee 5 


they would be refracted into the lines of their incidence BA, DE, (by Prop. XII.) But 


if-theſe rays, inſtead of being returned in the lines EB, ED, are reflected from the ſame 
point E in the lines EG; EF, the lines of reflection EG and EF will be inelined both to 


one another and to · the ſurface” of the drop, juſt as much as the lines EB and ED are. 


Firſt, EB and EG. make juſt- the fame angle with the ſurface: of the drop; for the angle 
BEX, which EB makes with the ſurface of the drop, is the complement of incidence, and 
the angle GEV, which EG makes with the ſurface, .is the complement of reflection; and 


theſe two are equal to one another, by. Prop. XV. In the ſame manner we might prove 


that ED and EF make equal angles with the ſurface of the drop: Secondly, the angle BED 
is equal to the angle FEG, or the reflected rays EG, EF, and the incident rays BE, DE, 
are equally inclined to each other. For the angle of incidence BEL is equal to the angle 
of reflection GEL, and the angle of incidence, DEL is equal to the angle of reſectin 
FEEL, by Prop. XII. Conſequently, the difference between the angles of incidence is 


equal to che difference between the angles of. reflection, or BEL—DEL is equal to GEL—- 


FEEL, or BED to GEF. Since therefore either the lines EG, EF, or. the lines EB, ED, 
are equally. inclined both to one another and to the ſurface of, the drop, the rays will be re- 


fracted in the ſame manner, whether they were to return in the lines EB, ED, or are re- 


flected in the lines EG, EF. But if they were to return in the lines EB, ED, the refrac- 


tion, when they emerge at B and D, would make them parallel. Therefore if they ace 


en IR 


. will likewiſe. make them parallel. 


Farther, in order to render the rays which emerge at F and G . 
zr ien | 


CRY eta has Wee ch Sidhilles <b-iha 0: Fay Og ah 3 
tb comes from the ſun and enters the drop at the point A. This ray SA, becauſe it is Fig- 2. 
perpendicular to both · the ſurfaces, will paſs ſtraight through. the drop. in the line AGH _ 


without being refracted, by Prop. XIV. But any collateral rays that fall about 8B, as they 
_ paſs through the drop, will be made to converge to their axis, and paſſing: out at N will 


meet-the axis at H, by. Prop, XI. Rays which fall farther from the axis than SB,-ſuch/as 
thoſe which fall about SC, will likewiſe be made to converge; but then their focus will be 


n 
» _ 
> 
„ 
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Pre” 
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nearer to the . H, RO rf XI.. as Lain to which the 


rays that fall, about SC will converge; any ray SC, when it has deſcribed, the line CO 
Within the drop, and is tending to the focus I, will (paſs. out. of the drop at the point O. 


Ide rays, that fall upon che drop about SD more remote ſtill from the axis, ill converge 
to a ſocus ſtill nearer than I, ſuppoſe at K, by Prop. XXI. note. Theſe rays therefore go 
out of the drop at P. The rays, that fall ſtill more remote from the axis, as SE, will, con- 
| verge to a focus nearer than K, as ſuppoſe at L; and the ray SE, when it has deſeribed the 
line EO within the drop, and is tending, to L, will paſs out at the point O. The rays, 
that fall ſtill more remote from the axis, will converge: to a; focus ſtill nearer, Thus the 
ray SF will, after refraction, converge to a focus at M, which is nearer than L, and having 


. deſcribed. the line FN ne drop, it will pais out at the point N. Now. here we may 


He.  obſerye, that as any . rays: SB or SC fall farther above the axis SA, the points Not O, 


- where they paſs out behind the drop, will be farther above G, or, that as the incident ray 
. riſes from the axis. SA, the are GNO increaſes, till we come to ſome ray SD, which paſſes 


out of the drop at P, and this is the higheſt point where any ray, that falls upon the Aide 
M, -can paſs out: for any rays SE, or SF, that fall higher than SD, will not 'paſs aut in 
any point above P, but at the points O, or N, which are below it. Conſequently, though 
the are GNOP increaſes, whilſt the diſtance of the incident ray from the axis SA increaſed, 
till we came to the ray SD; „ ee be ze Acker e e en 


-arc PONG will decteale. / 52713 


As there are many rays which ab Geer ths bey beteten Gland h, d) Prop. XLII. 


bone kw ys will be reflected from thence ; and conſequently, the ſeveral” points between 


G and P, which are the points where ſome of the rays paſs out of the drop,” are likewiſe 
the points of reflection for the reſt, which do not paſs out. Therefore in 'reſpe& of thoſo 
rays which are reflected, we may call GP the arc of reflection, and may ſay that this arc of 
reflection increaſes, as the diſtance of the incident ray from the axis SA increaſes, till we 
come to the ray SD ; che are of reſlection is GN for the ray 8B, it is GO'for the ray SC, 
and GP for the ray SD. But after this, as the diſtance' of the (incident ray from the axis 8A 
"increaſes, the are of refleion decreaſes ; for OG, men 
r SE, and NG is the arc of reflection for the ray 8 F. e ee £7 36 2% 
From hence it is obvious, that ſome one ray, which falls above SD; may be reflected 
Senne ſame point with ſome other ray, Which falls below SD. Thus, for inſtance, the 
ray SB will be reflected from the point N, and the ray SF will be reflected from the ſuine 


..-, -pvint j* avd conſequently; when the reflected rays NR; NQ, are refracted as they paſs out 
of the drop at R and Q they Will be parallel; by what has been ſhewn in the former part 
bf this Prop. But fince the intermediate rays, which enter the drop between 8F and 8B, 


ar not teſlected from the ſame point N, theſe two ray alone will be parallel to one another 
hen they come out of the drop; and the intermediate rays will not be parallel to them. 
And conſequently; theſe rays RV, QT; though they are parallel, after they emerge at R 
gens will — clogs for chat reaſon will not nnn CXXIV. 
. 
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The ray SD is reſſected from P, „ x; es 
tion; ſuch rays, as fall jaft above SD and juſt below SD, will be reflected from nearly the 
fame point P, as appears from what has been already ſhewn. Theſe rays therefore will be 
parallel, becauſe they are reflected from the ſame point P; and they will likewiſe be con- 


tiguous, becauſe all of them enter the drop at one and the ſame place, very near to D. 
Conſequently ſuch rays, as enter the drop at D and are reflected from P the limit of the are 


of reflection, will be effectual, by Prop. CXXIV. ſince when they Pee at 28 erg ” 


anne ES 


£ 
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' PROP. cxxvl. When rays hich are effeftual emerge. Eon a ws 
of rain after one reflection and two refractions, thoſe which are moſt re+ 


frangible will, at their emerſion, make a leſs angle with the incident rays 2 


than thoſe do which are leaſt refrangible ; by which means, e ee 0 
different colours wilt be ſeparated from one another. | 


Let FH, GI, be effectual violet rays emerging from the drop at F, H; and FN, Gp esa 


effectual red rays emerging from the ſame: drop at the ſame points. The vick mays! (by 8 


Prop. CXXIV. ) are parallel among themſelves, becauſe they are effectual: for the ſame 
reaſon the red rays are parallel among themſelves: but on account of the difference of Ye- 
frangibility of the violet and red rays, the violet ray Gl is not parallel to the red ray GP, 
but they diverge from the point G; and ſo of the reſt. Both the violet ray GI and the red 


nay GP are refracted from the perpendicular LO, but (by Prop, CXV.) GI more than 


GP; whence the angle IGO is greater than the angle PGO. If the incident ray AB be 


continued in the direction ABK, and if IG and PG be continued backward till they meet ' 


Ab in K and W, the angle IK A is that which the violet or moſt refrangible ray makes at | 


its emerſion with the incident ray, and PWA that which the red or leaft refrangible ray | 


makes with the ſame. And the angle IKA (El. I. 16.) is leſs than the exterior angle 
PWA. The ſame may be proved concerning the rays FH, FN, or any other rays which 


emerge reſpectively parallel to GI and GP. But (by Prop. CXXIV.) all the effeQual 


violet rays are parallel to Gl, and all the effectual red rays are parallel to GP. Therefore 


| the effectual violet rays at their emerſion make a leſs angle with the incident rays than the 
effectual red rays. And univerſally the more refrangible rays, at their emerſion, make a 


leſs angle with the inctdent rays than thoſe which are leſs refrangible. And ſince the effec- 
tual-rays GI, GP, of different colours. make different angles with the incident ray AK at 


. their emerſion, they will be ſeparated from one another: ſo that if the eye was placed in 


the beam FGHI, it would receive only rays F XY, and in FGNP 


: only rays of another colour. TY 


Scholl, The ni which th iu rol ps mak with er 2 


whe 4. 20. that of the vight rays:40% 27. 
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- Exe. Let a glaſs globe filled with water be expoſed to this rays of the ſun : let the eye 


of the ſpectator be ſo ſituated, that the leaſt refracted ray from the drop, coming to the eye, 


ſhall make an angle of about 427. with the line paſſing through the eye and the ſun, the 
red rays only will be ſeen: if the place of the eye be changed, ſo as to enlarge this angle, 
the red will diſappear; but if ag p geh be h the colours of the more refrangible rays 


will appear. 


— 


PROP. "0 If a line is Pat OG bs daun wen a cepes 


of the ſun through the eye of the ſ pectator, the angle which any effec- 


tual ray after two refractions and one reflection makes with the incident 


104 will be equal to the angle which it makes with that line. 


Let I be the place of the eye of the ſpectator; QT a line drawn from: the ceater of the 


| fun through the eye; and AB a ray coming from the center of the fun. Theſe two lines 
AB, QT, on account of the great diſtance of the ſun, may be looked upon as parallel. 


Therefore (EL I. 29.) or e, er AR; KIT, 1 are equal. 


PROP. CxXVIII. When the ſun ſhines upon the drops of 'rain-as 
ay are falling, the rays which come from thoſe drops to the eye of the 
ſpectator. after one reflection and two ee produce the innermoſt 


or primary rainbow. 


Let IF be the innermoſt or primary ab, the outer part of which TFY- is red, 
the inner part VDX violet, and the intermediate parts reckoning from the red to the violet, 
orange, yellow, green, blue, indigo. Suppoſe the ſpectator's eye at A; and let AI be an 
imaginary line from the center of the ſun to the eye of the ſpectator. If a beam of light 8 


coming from the ſun falls upon any drop F, and the effectual rays which emerge at F make 
an angle FAI of 42. 2. with the line Al, theſe rays (by Prop. CX XVII.) make the 


ſame angle with the incident rays, and conſequently are red. Hence the drop F will appear 
red; for all the other rays which emerge from F, and would be effectual if they fell upon 
the eye, being reſracted more than the red rays, will paſs above the eye. If another beam 
of light S falls upon the drop D, and the effectual rays emerging at H make an angle of 
40. 17”. with the incident rays, the drop D will be of a violet colour: for all 'the other 
rays which emerge from H, and would be effectual if they came to the eye, being refracted 
leſs than the violet rays, will paſs below the eye. The intermediate drops between F and 
D will for the ſame reaſons be of the intermediate colours. And that which has been 
proved concerning the drops in the line FD, may be ſhewn of any other ſet of drops in 
which the angles made by the emerging and incident rays are equal. Thus, wherever a 


drop of rain is placed, if the angle which the effectual rays make with Al is equal to. the 
- angle FAl, or is 42*. 2. any ſuch drop will appear red. If FAI was turned round upon 


0 * . ” 
: . « \ r4 5 
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the line Al, ſs that one end of this line ſhould always be at the eye, and the other at 1 
oppoſite to the ſun, in this revolution the drop F would deſcribe a circle,. of which I would 

be the center, and 'TFY an arc. And ſince in this revolution the angle FAI continues the 
ſame, if the ſun was to ſhine upon this drop as it reyolves, the effectual rays (by ng + 
CXXVII.) would make the ſame angle with the incident rays in whatever part of the are 
ITF the drop may happen to be; and conſequently in whatever part of the arc the drop F 

is, it will appear red. Now as innumerable drops are falling at once in right lines from 

the cloud, whilſt one drop is at F, there will be others at T, V, and every other part of 
the arc, which will appear red in the ſame manner that F would have done in the ſuppoſed ' - 
circular revolution, Therefore when the ſun ſhines upon the rain, there will be a red arc 
TFY produced oppoſite to the ſun. In like manner a violet are VDX will be OG 
and other intermediate arcs of the en nnn Ager which will ee ne 


mo prey: rainbow. | 1 


Scholl. Caſcades and fountains, whoſe 3 in their fall are divided: into gt will 
exhibit rainbows. to a ſpectator, properly ſituated, during the time of the ſun's ſhining, = 
This appearance is alſo ſeen by moon light, though ſeldom. ſufficiently vivid to render the © 

colours diſtinguiſhable. Dr. Gregory, in in his excellent Economy of Nature, ſays, that he 

once ſaw a lunar bow, it was in autumn, the night was uncommonly light but ſhowery, and 

the colours much more vivid than he could have conceived. There were not fo many 

colours diſtinguiſhable as in the ſolar bow. Coloured bows have been ſeen on have owed: 
by the refraction of ſun's rays in the morning dew. 1 

Artificial rainbows may be produced by candle light. on. + tho Di . a | 

ſmall fountain, or jet d'eau, or from the ſtream emitted from an ceolipile. But the moſt | 

natural and pleaſing is by aid of the air fountain, the jet of which is perforated with a 

great number of very fine holes from which the water ſpouts ſo as to form a kind'of fluted 

column. The rainbow is formed by the ſun's rays, for the ſpectator has only to place the 

| ſpouting ſtreams directly in the ſun's beams, with his own back to the ſun; and being in a 

direct line with the fun and center of the jet, by ſtooping his head to a certain degree, he 

will diſcover the beautiful appearance of the natural priſmatic-colours, and a ſmall: rainbow, 

on eee nn nme e 
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' PROP. XXIX. The yeni rainbow i is never a a rear arc than's 
ſemicircle, 188 | CHER VVV 


- 


Since the lids 41 is amen figs ths fun W eee e 41 e eee ; 
the center of the rainbow, this center is always oppoſite to the ſun. And ſince the angle e 
FAT is an angle of 42. 2. F the higheſt part of the bow is 42% 2", from 1 its penter. | EN 
therefore: the ſun is more than 429.2", above the horizon; I, which is oppolite to it) mult P's 
be more than A 2. > lo the aver and no Wu. mM will be, mo” bs: FS. 
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e n of Yo hag is left thai br ei n de en wid F of ie wh 
© bow be above the horizon: and when the ſun is in the horizon, I the center of the bow 

will alfo be in the horizon on the oppoſite fide, eee eee er er roars 
e eee 5 


* PROP. xxx. When the rays of the ſun fal upon a drop of rain, 
ſome of them after two reflections and two refractions may come to the 
coc 


the drop. 


Pinee 8. © e fon, v, vw, r rent ee min 

„ BW, they will be refracted towards the perpendiculars VL, WL, in entering the drop, 
and proceed in the direction VH, WI. At HI ſome part of theſe rays will (by Prop. XLIII.): 
be reflected into the directions HF, IG. And fome of theſe rays will be again reflected at 
F, G, into the directions FD, GB; which rays, when they emerge out of the drop at B. 
and D, will be retracted from the perpendiculars, and may come to the eye of a ſpectator 
W 555 


PROP. CXXXL Thoſe rays which are parallel to * another after 
they have been once refracted and once reflected in a drop of rain, will 
be effectual when they emerge after two refractions and two reflections. 


. The contiguous tays ZV, W, being refracted towards the perpendiculars VL, WL, 
Fig. 5. when they enter the drop, will (by Prop. XVIII.) become convergent ; and becauſe theſe 
| rays fall upon the drop very obliquely, their focus will not be far from the ſurface VW. If 
this focus is at K, the rays after they have paſſed the focus, will diverge from thence in 
the directions KH, KI: and, if KI is the focal diſtance of the concave reſlecting ſurface 
1 HI, the reflected rays HF, IG, (by Prop. L.) will be parallel. Theſe rays are reflected 
again from the concave ſurface FG, and will meet in a focus at E, ſo that GE will be the 
focal diſtance of this reſlecting ſurface : and becauſe HI, FG, are parts of the ſame ſphere, 
the focal diſtances, GE, KL, are equal. When the rays have paſſed the focus. E, they will. 
diverge in the lines EB, ED. Now, if the rays VK, WK, when they have met at K, 
were to be turned back in the directions KV, KW, on emerging at V and W, they would 
(by Prop. XX.) be refracted into the lines of incidence, and become parallel. But fince 
GE is equal to IK, the rays ED, EB, which diverge from E, fall in the ſame manner 
upon the drop àt D and B, as the rays KV, KW, would fall upon it at V and. W, and ED, 
EB, have the fame inclination to the reſracting ſurface DB, as KV, KW, would have to 
VW: whence the rays ED, EB, emerging at D and B, will be refracted in the ſame 
manner, and OO ROY Open re. Ha e, as KV, KW, would 
have, 


enar. v. THE RAINBOW. „„ 


| have, that is, „ ee been coniguous before dein entrance 
i Owens oy wi CRY pe FRO mann | 


PROP. cxXXII. When effectual tay emerge Spike 2 . n 
after two reflections and two refractions, thoſe which are molt. refrangible 
will at their emerſion make a greater angle with the incident rays than 
the leaſt refrangible will make eee bi ah an means 150 3 nah = . 

different colours will be ſeparated. e N 


<} 


Lot BAG, e bee, AI te ang which eee ae. 8 
BM makes with the incident ray YW is Vr M and that which the red ray BA makes wich Fis- . 
the ſame is IJ SA. And ſince BS V, the external angle of the triangle Bus, is (EI. I. 16) ' - 
greater than the internal angle BrS or BrY ; Vr M, che complement of Bs, is greater 
than Y SA the complement of BSV. Conſequently, ſince the emerging tays make different. „ 
angles with the ſame incident ray, — m 3 
them from one another. 18 11 0 EST * 

Scholl. The angle which the violet with 5 with the incident ones is found to be: Pe 
67 _——— 57 + EE | | 


— 
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' PROP. CXXXUIL 11 a f is „ from the center N 
of the ſun through the eye of the ſpectator, the angle Which, aſter 
two refractions and two reflections, any effectual ray makes with the In. | 
cident ray, will be equal to the angle which it makes with that linek © 


If VW be an incident ray, and BA an effectual rays. and; AQ, a-line; drown . 
e ates through A the eye of the ſpectator, VW and A0 r Wc 
e e . SAO, . L 20, e e, 


- PROP. CXXXIV. When the fin Wine W 8 We mY rain. s 
they are falling, the rays which come from thoſe drops to the eye of the 


ſpectator after two reflections mn "ee, refractions, F the ee 
or ſecondary T inbow. 3, vw ee n 1 Free I a 1 8 


| i eg the fun. ſhines: upon Aa 4 of 100 K „ 1 

CBD, the effectual violet ray EA (by Prop. CXXXII. Schol.) makes an angle EAI of Fig- 4 

54 /. with AI a line drawn from the ſun through the eye of, the ſpectator, and therefore 

or $6. CXXXIII ) makes the ſame angle with the ee SB. Therefore if me. 
JF | 1 Weka 


# 
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ſpeQator's eye is at A, all the rays except the violet, will (by Prop. X. F make a leſs angle 
with AI than EA, and fall above the ſpectator's eye. In like manner it may be ſhewn, that 
from the drop F only red rays will come to the ſpectator's eye, the reſt falling below it; 
and that the rays emerging from the intermediate drops between E and F, and coming to A, 
will emerge at intermediate angles, and preſent to the eye the intermediate colours, If 
EAI be conceived to turn round upon the line AI, in ſuch a revolution of the drop E, the 
angle EAI would remain the fame, and conſequently the emerging rays would make the 
ſame angle with the incident rays. But in ſuch a revolution the drop E would deſcribe a . 
circle, of which I would be the center, and CBD an arc, Conſequently, ſince the emerging 
rays make the ſame angle with the incident ones when the drop is at any other part of the 
arc as at E, the colour of the drop will be violet to an eye placed at A, in whatever part of 
the arc the drop is placed. Now, ſince there are innumerable drops of rain falling at once, 
whilſt one drop is at E, there will be others in all parts of the arc, which will all appear 
violet-coloured, for the ſame reaſon that E would have appeared of this colour in any other 
part of the arc. In like manner, as the drop F appears red at F, and at any part of the 
arc FD, ſo will any other falling drop when it comes to any part of that arc. The inter- 
D We ns wamaer With the rioler we CHD, * the red are FD; 


''s OR e ee 


„ CXXXV. The colours of the ſecondary roy are fainter 
than thoſe of the primary, and are ranged in the contrary order. 


At every refleQion many rays paſs out of the drop without being reflected; conſequently, 
the ſecondary rainbow which is produced after two reflections, is ann n een 
the firſt, which is produced after one reflection. | 

Plate $, Again, in the primary bow, the violet rays, when they emerge effectually, make a leſs 

Fig.'3-.. angle with the incident rays (by Prop. CXX VI.) and therefore (by Prop. CXX VII.) with 

| the line Al, than the red rays. | But the rays are here only once reflected, and the angle 
which the effectual rays make with Al is the diſtance of the ccloured drop from I the center 

of the bow. Therefore the violet arc in the primary bow will be nearer to the center of 

the bow than the red arc, that is, the innermoſt colour will be violet, and the outermoſt 

red. - But in the ſecondary rainbow, the rays are twice reflected ; and (by Prop. CXXXII.) 

the violet rays, which emerge fo as to be effectual after two refleQions, make a greater 

angle with the incident rays, that is, with the line Al, than the red ones; which angle is 

the diſtance of the violet arc from I the center of the bow. Therefore the violet are in the 
ſecondary bow will be farther from the center of the bow than the een ered that is, the 

ORE MINK, W e $3469 | 
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char. vi. OF OPTICAL INSTRUMENT. 
PROP. CXXXVI. The ſecondary rainbow i is never a 5 ne arc 1 5 
a ſemicircle. | : 
:* 2s is proved in the fame manner as Prop. CXXIX. with this difference, 1 $0. | 
the rays of the higheſt colour in the ſecondary bow make an angle of 54*. 7: with AI, : 
this bow will begin to appear when the altitude of the ſun is leſs than 54. 7”. and when 


the ſun is in the horizon on one "kde; this bow will have its center in the n on r 
ether ſide at the diſtance of 50. . from ita higheſt point. 3%»«öÜ0õù2 Fad khs 
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"SECT. 1. ie 
G Tutmcorts. 


"Dev $ +» 0 An Aſtronomical Teleſcope conſiſts af two convex . 
whoſe diſtance from each other is equal to the ſum of their principal 
foci : that lens which is towards the object, is called the 2 On „ 
that which is next the eye, is called the cye-g/afr. „„ 

If MI. in ne cer les, whole: and lifiniem ia , 
ales is CF z and if theſe aro plc that te diſtance between this equal e MP FE. 7- 1 
e n en eee tronomical HY 44 1 


| PROP. XXVII. Vee remote « objets, een o through a an ene 
: mical teleſcope, appear diſtinct and inverted. 


GE”. PL, PN, be rays coming (by Prop. . 
à very diſtant object: let AN, AM, AL, come from the higheſt point, and M, QM, W 


Y. come from the loweſt point. Theſe parallel rays will. (by Def. XVIII.) be collected 


into the focus, and there form an image of the object, which (by Prop. LXXXII.) forme 
the object of refracted viſion. But, by the conſtruction of the teleſcope, GFE is the focus 
of the eye-glaſs. Conſequently, the rays which diverge from any point G in this image 
will (by Prop. XX.) after they have paſſed through the eye-glak, become parallel. There- 

| fore if the eye is at any point on the other ſide of the eye-glab, the object of refrafted © 


— 
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nn, as any very remote objec can be gen by the naked eye and 
becauſe the image is the 0 of viſion (by Prop. XXV.) it will be ſeen inverted, 


PROP. cxxxvill. The apparent a of an object Kin 


through an aſtronomica! teleſcope, is to the apparent diameter of the 


ſame object ſeen by the naked eye at the ſtation of the objeR-glaſs, as 
the diſtance of the image fram the 7 is to its diſtance from the 


eye-glaſs. 


If the image, formed by the object- glaſs NL, were received upon a paper at EF G, the 
apparent diameter of the object ſeen by the naked eye at M the ſtation of the object-glaſs, 
would be (by Prop. LXXXIV.) equal to the apparent diameter of the image ſeen from the 
ſame ſtation. Now the real diameter of the image is given, becauſe its diſtance MF from 
the lens is given. Conſequently, the apparent diameter of the image (by Prop. LXIX.) 
will be inverſely as the diſtance of the eye from it. If the eye is placed at C the ſtation of 


the eye-glaſs, and conſequently its diſtance from the image is FC, the image will appear to 


the eye in that ſtation bigger than at. the ſtation M (by Prop. LXXXIX.) in the inverſe 
ratio of the diſtances FC, MF, that is, the apparent magnitude of the image at C will be to 
that at M, as MF to FC. But the apparent magnitude of the image ſeen from M is equal 

to that of the object ſeen by the naked eye. Therefore the image ſeen from C appears 
bigger than the object, in the ratio of MF to FC. This would ſtill be the caſe. (by 
Prop. LXXXIV.) if the eye-glaſs were placed between the eye and the image, touching 
the eye. And fince the image is in the focus of the eye-glaſs, the apparent magnitude (by 


Prop. XC.) is the ſame, whether the eye is cloſe to the lens, or at any diſtance from it. 


Therefore wherever the eye is, the apparent diameter of the object ſeen with the teleſcope, 
is to the apparent diameter of the fame object ſeen by the naked eye at the ſtation of the 
object-glaſs, as MF to FC, or as the diſtance of the diſtinct image from the object-glaſs, to 
its diſtance from the Eye-glaſs, that is, as the focal diſtance of the objeR-glaſs, is to the 
focal diſtance of the eye-glaſs, conſequently if the former be divided by the latter, the 
quotient will expreſs the magnifying pawns 1 thus if MF : FC: 10: 1, the 8 will 
POE ie e 5 5 | 


- 


PROP. CXXXIX. A ao will not i an object, unleſs 


the focal diſtanoe of the e is greater than the focal diſtance of | 
the eye- glaſs. | 


Tho-anye/ufich come: from e ae being dr paratiel, the lese GFE (by 


Def. XVIII.) will be in the focus of the object- glaſs, which, by the conſtruftion of the 
Ya be eee rr dot), Fer 517 


through 
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through 2 a 'tidifrops, 4610/9 3 ita hate bp fs gt IO 
CXXXVIII.) as the diſtance of the image from the object-glaſs, to its diſtance from the 
eye-glaſs 3 that is, by what has been juſt proved, as the focal diftance of the objecteglaſs, to 
the focal diſtance of the eye- glaſs. Conſequently, if Mp the focal diſtance of the object. 


glaſs, is greater than FC the focal diſtance of the eye-glaſs, the object will be magnified: 
if MF be equal to FC, Oe e MP 1 


the object will appear diminiſhed. 
Con. 1 1. Hence the obfeck.· glaß of a 3 ſhould be leſs convex dun the eye-glak. 


Con. 2. An object will be equally magnified by two teleſcopes of very different lengths, 
if the ratio of the focal diſtances of the abet laß and eye-glaſs be the fame | in each. 


Con. 3. If a teleſcope is inverted, objects ſeen through it will be ami iſhe d: or - 
2 which has the greater focal diſtance then becomes the TOR; . & | 


' PROP. 128 The. 5 area, or r ſpace Which may be e ben gt one 


view through a teleſcope, i is as the area of the eye- glaſs. Le an 


If GFE is any image, its Ae from the object- glaſs being equal to the facal diſtance Piae 8. 
of the lens, the area of the image (by Prop. XXXVI.) is given; but the quantity of this 8. 7: 


image which can be ſeen at one yiew muſt be greater or leſs according to the magnitude of 


the hole throogh, which if it is does that i is, muſt be as the Area of Pens; 5 AT 


PROP; CXLI The brightneſs * an object ſeen through a lips 


: depends upon the area of the objett-glaſs, but not the viſible area. . 


The brightneſs of the image, chat is, of the object of refracted viſion, is. FR Prop. | 


XXXVIII.) as the area of the lens which forms it, that is, of the object: glas. But (by 
Prop. XXXVI. Schol. 2.) the magnitude of the image is the ſame, whether the area of 
the object-glaſs is great or ſmall ; and conſequently, if we look at it through an eye-glaſs 


of a given area, the quantity to be ſeen at once will not 288 * Ae 2 


area of the object-glaſs. 


PROP. CxIII. The Akan of te eye flott di e thobud 
be equal to the principal focal diſtance of the  eye-glals, 91 7885 


- *1's ry 


Since the image GFE is in the focus of the lens DCB, wherever the aye 25 FAN on Plate 8. 
the other fide of the glaſs, the image will appear equally magnified.” Bur when the eye is 


juſt as far from the eye-glaſs as its focal diſtance, the viſible area will be the greateſt: for} 
3 (by Def. XVIII.) none but nenn OY WY. 
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Plate 8. 
F. g. 8. 


OF OfFTICS. | BOOK IV, 
axis of the teleſcope, and therefore to the ſides of the cylindrical tube in which the lenſes 
are placed, can reach the eye, and conſequently, no rays can come from the inner ſurface of 
this tube to the eye to make it viſible; whereas in any other ſtation of the eye, . oblique 
rays from that ſurface would make the ſides of the tube viſible ; whence the area of viſion, | 
which remains the ſame, being (by Prop. CXL.) always as the area of the eye-glaſs, will 
be in part occupied by the ſides of wee will be ſeen only through the 
remaining part, 4 | 


Dex. XXXI. A tcleſcope conf iſting of four convex lenſes is a double 
Afronomical Teleſcope. | 


Let the two lenſes NMI. i e een 
focal diſtances, form one teleſcope, and the two lenſes C, D, placed at the diſtance CD, 
equal to the fum of their focal diſtances, form another. If theſe two teleſcopes are fixed 
at the diſtance CB from each other, ſo as to be both uſed together, they form a double 
teleſcope : the lens LMN next to the object, is called the object-glaſs, and the lens B next 
e e Phan: at C:the Joan), n artecdances aclumagtaresaihh 


* PROP. CXLIIL. "a object ſeen through a double teleſcope appears 


diſtinct and erect. 


The parallel rays which fall upon the objeA-glaſs NML (by Prop. CXXXVIL) TY 
2 diſtinct inverted image at GFE the focus of the object- glaſs. This image being alſo in 


| the focus of the firſt eye-glaſs B, the rays of each beam from the ſeveral points of this 


image will become parallel by paffing through B: whence, falling parallel on the ſecond 
eye-glaſs C, they will form a diſtin& inverted image at KIH the focus of this ſecond eye- 
glaſs : and becauſe KIH is alſo the focus of the third eye-glafs D, the rays from this image, 
after paſſing through this third eye-glaſs, will come to the eye parallel to each other. Con- 
ſequently, the object will be ſeen diſtinRly : and becauſe the ſecond image is inverted with 
reſpe& to the firſt, which is inverted with reſpect to the object, the ſecond image, * 
e an e eee eee 5 


PROP. CXLIV.. A double teleſcope magnifics-an object in the ratio 
of the focal diſtance of the object-glaſs, to the focal diſtance of the 


firſt eye-glaſs. 


. nd he. ined 


| teleſcope CD is commonly made up of two lenſes of equal convexities, which will not alter 


the apparenFmagnitude of the objects. Fn. . n 


char. vs. OF OPTICAL INSTRUMENTS. 


dividing MF by FB. EV 


SCHOL. 1. The different e of the rays of light niakes refrafting ee | 


imperſect: for thoſe rays which are moſt refracted by paſſing through the lens, will be 
brought to a focus, and form an image nearer to the object-glaſs than thoſe which are leis 


refracted; and conſequently the ſeveral ſorts of rays are not properly collected in one focus - 
to produce a perfectly white image, but each has its own focus, producing a confuſed and 


coloured image. 


Of two refracting teleſcopes which magnify equally, the ter will give a more im- 
perfect image than the longer. For the image appearing equal in both, but being farther 
from the object- glaſs in the longer than the ſhorter, muſt be in reality larger or more mag- 
nified: whence the defect ariſing from the different refrangibility of the rays will be more 
viſible in the longer than in the ſhorter teleſcope. Hence, reſlecting teleſcopes are more 
perfect than refracting ones; for when all the rays are reflected, their anc incidence 


and reflection being equal, they will all meet in a focus at the ſame diſtance. 


Schol. 2. To remedy the defect of refracting teleſcopes, ariſing from the different 


refrangibility of rays of light, a compound object- glaſs was invented by Mr. Dollond, con- 
ſiſting partly of white flint glaſs, and partly of crown glaſs, which have different refracting 1 


powers. Theſe refract contrary ways; and the exceſs of refraction in the crown glaſs is 
made ſuch, as to deſtroy the colour cauſed by the flint glaſs. A teleſcope thus formed is 


called achromatic. Let ABED repreſent a. double concave lens of white flint glaſs, 3 1, 


2˙9 
is only magnified by the firſt in the ratio of MF the focal diſtance of the object- glaſs, We: 
FB the focal diſtance of the firſt eye-glaſs ; conſequently, the magnifying power is found by ; 


** 


ADF a double convex of crown glaſs; then the part of the lenſes which are on the ſame Fit. 10.” 


| ſide of the common axis, viz. AEB and AFG may be conceived to act like two priſms which 
refract contrary ways, and if the exceſs of refraction in the crown glaſs, be ſuch as preciſely. 
to deſtroy the divergency of colour cauſed by the flint glaſs, the incident ray SH will be 
refracted to X without any production of colour; the ſame is true of the ray 5h, and of all 


the other incident rays; and conſequently the whole focal image formed by this compound 


objeQ-glaſs, will be achromatic, or free from colour which might ariſe from refraction. It will 

therefore bear a larger aperture, and greater magnifying power, and of courſe enlarge objects 

much more than a common refracting teleſcope of the ſame length. The great impediment 

to the conſtruction of large achromatic teleſcopes, is the want of a flint glaſs of an uniform 

| denſity. Dr. Blair has, within theſe few years, diſcovered that certain fluids, particularly . 
thoſe which contain the muriatic acid, may be formed into lenſes. With theſe he has pro- 


duced achromatic teleſcopes, which ſeem as perfect as the thing will admit of. See Tranſ- 


actions of the Fan 8285 Society: _ Alto, Ba Brit. Art, N Vol. XVIII. | 


Part 1. 
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Plate 8. 
Fig. 9. 


Fig. 10. 


Fig. 11. 


OF OPTICS. pom 
- PROP. CXLV. To explain the conſtruction and uſe of ſeveral kinds 


of teleſcopes. 


1 GaLiLeo? 8 Teleſcope. 


Galileo's teleſcope confiſts of a convex object- glaſs and a concave 1 fo placed that 
the diſtance between them is the difference of their focal diſtances. 

In this teleſcope Z VN, a convex lens, is placed at the diſtance from BA a concave lens 
of YC, the difference between YF the focal diſtance of ZX, and CF the focal diſtance 
of BA. 

From a diſtant object Jet rays fall upon the convex lens YZ, from which they will pro- 
ceed towards the focus of this lens at FG. But the concave lens AB, the focus of which 
is at FG, renders the converging rays parallel when they reach the eye ; whence an image 


will be formed upon the retina. And the pencils of rays being made more diverging by 
paſſing through the concave lens, the viſible image is ſeen under a larger angle than the 


object, and appears magnified. Alſo, becauſe the eg N N iro croſs 
one another once, FO On ne e, 


1 Of SIR Isaac Nzwron' 8 | Teleſcope. 


In a tube ABCD, towards the end BC, let the concave mirror GH NR IO | 
cular to DC the lower fide of the tube. If an object, which is at ſuch a diſtance that rays 
coming from the fame point may be conſidered as parallel to one another, be placed before 


the open end of the tube AD, theſe parallel rays will be reflected from the concave mirror 


GH,” and becoming convergent, would (by Prop. CXII.) form an inverted picture of the | 
obje& upon a paper held at the focus of the mirror. But if the converging rays, before they 


reach the focus, fall upon a plane mirror K, placed at an angle of 45 degrees with DC the F 
fide of the tube, or with the axis of the teleſcope, they will be reflected from thence, and 


meet before it at L, forming an image perpendicular to the object, or parallel to the axis of 


the teleſcope. If this image be placed in the focus of the convex lens L, fixed in the fide 


of the teleſcope, the eye will ſee it diſtinctly through the lens. 
The image ſeen from the ſtation of the eye-glaſs L, either with or without the glaſs, will 


(as in the refracting teleſcope, ſee Prop. CXXXV III. ) appear as much larger than when 


een front che concave mirror, that is, as much larger than to the naked eye, as the diſtance 


of the image from the eye-glaſs, is leſs than its diftance from the 3 or as its diſtance N 


| fowin the inivrer is! greater chun ts Uiftance from: thi lens. 


II. Of Grzcoy's Teleſcope. 


In the tube TTYY, let a concave mirror EN be placed. Any parallel rays 00, PP, 


form an A, falling _ this mirror, will, ater reflection, (by Fogg CXI.) form an 
I inverted. 


cnar. vi. OF OPTICAL INSTRUMENTS: 


inverted image at C its focus. Let C be more remote from a ſecond ſmaller concave mirror 
PO (placed parallel and oppoſite to the firſt mirror EA in ſuch manner that their axes ſhall 


be in the ſame ſtraight line) than its focus. The rays which diverge from the ſeveral points 


of the image at C, and fall upon the mirror PO, will (by Prop. L.) converge after reflec- 
tion; and conſequently, if they paſs through a hole NM in the firſt mirror EA, they will 
form a ſecond image which will be inverted in reſpect of the firſt, and in the ſame poſition 


with the object. If, whilſt theſe rays are converging, they paſs through a'plano-convex lens 
Spo (placed in a ſmaller tube joined to the larger) they will be brought to a focus, ſooner | 


than they would otherwiſe have been, forming the ſecond image F. This ere image is 


ſeen by the eye at O, through a meniſcal eye-glaſs LL, whoſe convexity: is greater than its 


concavity. For the magnifying; power of this teleſcope, ſee nnn. . ad Phil. 
Nat. or Prieſtley's Optics, p· 730. 1 | 7 
Schl. I. In the teleſcopes made by Dr. Herſchel, the object is eee | 


as in the Gregorian teleſcope, and the rays are intercepted by a lens at a proper diſtance, ſo 
that the obfetver has His back to the object, and Looks through the lens at the mirror. The 
magnifying power will be the ſame as in the Newtonian teleſcope, but there being no ſecond 
reffeQor, the brightneſs of the object viewed in the 6 Nerichief GY is ' greacer din chat 
in the Newtonian teleſcope. 

The tube of Dr. HerſchePs grand wha? is 39 feet 4 W570 e 4 feet 10 icky 
in diameter, every part of which is made of iron. The concave ſurface of the great mirror 
is 48 inches of poliſhed ſurface in diameter, its thickneſs is 3 4 inches; and its weight is 
upwards of 2000lb. 'This noble inſtrument was, in all its parts, conſtrued under the 
ſole direction of Dr. Herſchel : it was begun in the year 1785, and completed Aug. 28, 
1789, on which day was diſcovered, the ſixth ſatellite of Saturn. It magnifies 6000 times. 


ScoL. 2. * Prieſtley obſerves, that the eaſieſt method of finding the magnifying 
power of any telefeope, by experiment, is to meaſure the diameter of the aperture of 
the object- glaſs, and that of the little image of it which is formed at the place of the 
eye. For the proportion between theſe gives the ratio of the magnifying power, provided 
no part of the original pencil be intercepted by the bad conſtruction of the teleſcope. For, 
in all caſes, the magnifying power of teleſcopes or microſcopes, is meaſured by the propor- 
tion of the original pencil, to that of the pencil which enters the eye. Another method, is 
to obſerve at what diftance you can read any book with the naked eye; and then removing 
the book to the fartheſt diſtance at which you can diſtinctly read it by the help of the teleſcope. - 
The book choſen for this purpoſe ſhould be ſuch, that the connection of the ſubject ſhould 
not affiſt the obferver; as tables of 221 &e, Nen depends WOW" Readineſd with 
which the ene rel. Ne 
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OF OPTICS. © . 


SE C'S. n. 
of Miczoscorzs. 


oe r. XXXII. A fingle Allergene is one convex 5 placed between 
a ſmall obj ct and the eye. 


Dex. XXXIIL A double Microſcope ſts of two convex leaſes, 
of which the object-glaſs is more convex than the eye-glaſs ; and the 
diſtance between them is equal to the diſtance of the image from the 
object- glaſs, added to the focal diſtance of the eye-glaſs. | 


Let AB, 2 convex lens, be the object-glaſs, and EF, another convex lens, be the eye- 
glaſs. Let the ſmall object KL be farther from the object-glaſs than its focus; an image 
MDN of the object will (by Prop. XXIV.) be formed behind the glaſs; let the diſtance of 
this image from the objeR-glaſs be ID, and let its diſtance from the eye-glaſs be equal to the 
focal diſtance of the eye-glaſs : the diſtance of the two glaſſes from each other will be 
ID+DX, or IX, that is, Wenne 
diſtance of the eye-glaſs. | 

/ XX een 


through AB the object glaſs, and EF the eye-glaſs, are again made converging by a ſecond 


eye-glaſs, and therefore brought ſooner to a focus, than by the firſt, and the field of viſion 
will be much greater than if only one lens was uſed. 5 
Cor. JJV ĩ ͤ V 
that in the teleſcope the rays of each pencil fall upon the object-glaſs nearly parallel, and 
are united in its focus; but in the microſcope they fall upon it very much diverging from 
one another, COT Ov 90 Pai 00 WO: Ps es PU 
n e | ti 17] 


PROP. CXLVI. An beg been through a double microſcope * 
pears diſtinct and inverted. Hei 9 
The pencils of rays. ifluing from the objefts KL, . 
lens AB, their foci will be in MN ; where there will be an inverted image of the object, 
which is viewed through another lens, or eye-glaſs EF, the focus of which is at MN; 
we phi bw hue ee er avert: ah 7 age inan ag 


N hi i PROP. 


ener. vi. OF OPTICAL INSTRUMENTS. 
| PROP. CXLVIL . The apparent diameter of an object ſeen through 
a double microſcope is to that of the fame object ſeen by the naked eye 
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from the ſtation of the object- glaſs, in the compound ratio of the diſ. i 


| tance of the image from the obje&-glaſs, to its diſtance from the eye- 
| glaſs, and of is limit of diſtinct en to ee dümmer of the e 
. from the object. 4 


The firſt part of this Progaticion-; is 8 as Prop. cxxxvnl. Rr it is 
8 from Prop. LXIX. that if AB che diſtance of the object-glaſs from the object 


is leſs than the limit of diſtinct viſion, the apparent diameter of the object will be as much ; 
greater than that of the object at the diſtance at which the naked eye can ſee it diſtinctiy, as 


IC is leſs than that diſtance. _ Therefore the object is magnified, becauſe the diſtance of the 
image from the objeQ-glaſs is greater than its diſtance from the eye · glaſs, and alſo becauſe the 
diſtance from the object is leſs than the limit of diſtin& viſion. The magnifying power of 


the microſcope is then in the ratio compounded of theſe two ratios. Suppoſe ID=6IC; 


and the eye-glaſs EF to be one inch focus, and the limit of diſtinct viſion to be ſeven inches, 


ne eee wc KL, len "NI 42 ; conſequently 77% 7s 


times in furface. 


PROP; CXLVIII. When the ſame eye-glaſs is uſed, che magni- 


fying power of the microſcope will be increaſed by en the 1 


vexity of the objeck- glass. 


For in order to keep the image in the focus of the eye-glaſs, when i e 
object glaſs is increaſed, the object- glaſs muſt be brought nearer to the object: the conſe- 


of which will be that the ratio of the limit of diſtin& yiſion to the diſtance of be 


obje-glaſs from the object will (El. V. 8.) be increaſed: whence (by Prop. CXLVII.) the 


mths of the appurent Whine of the TY | 


the naked eye will alſo be increaſed. 


Henne. eee irg. Gu ins microlope mult be fmal as | 


 eutormoſi rays; diverging too; macky will . te NS *- - 


of the ſmallneſs of the aperture the object will appear faint, ERP RAINS © 


Wenn enen 


Pkop. cxIIx. To deſcribe 4 ee 2 uſe of the Solar Ny 


Mbcroſcope „ : 5 


= * 
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£2 Fig. $. 


In a dark room, let a round hole be made in a window-ſhutter about three inches in 
diameter, through which the ſun may caſt a cylinder of rays into the room. In this hole 
let a tube be fixcd, containing a convex lens of about two inches, in diameter, and three 
inches focal diftance ; the object, placed between two concave glaſſes, at the diſtance of 
about two inches and a half from the firſt convex lens; and a ſecond convex lens, whoſe 

focal diſtance is a quarter of an inch, placed at this diſtance' from the object. Let a 
plane mirror, connected with the tube, and moveable by means of a wheel, receive the 
ſun's rays on the outſide of the ſhutter, and convey them into the tube. The rays, paſſing 


. thraugh the firſt lens, will ſtrongly illuminate the object, from which they will paſs 


through the ſecond lens, and form an inverted- image of the object, IG in $6 ras 


ol the diſtance of the object from the lens to that of the image from the lens that is, in 
this caſe, ſuppoſing the giftance of the diſtinct picture to be twelve feet or 144 inches, in 


the ratio of 4 : 144. Conſequently, the diameter of the object will be magnified 576 


EC T. I. 
Of the Macic LanTERN. * 


- PROP. CL. To deſcribe the conftrufiion; of the Magic Lantern. 
eee . 


ute 13. upon the other. In the moveable part let a convex lens GG be fixed; in the immoveable 


part let an object EE, painted with tranſparent colours upon a piece of thin glaſs, be 


placed; and in the fixed part of the tube, a convex lens DD. This lens will. caft 


a a ftrong light from the candle upon the abject EE. And when the rays which diverge 
from the ſeveral points of the object are, by the lens GG, made to converge, they 


will (by Prop. XXV.) form an inverted image of the object at KL, upon any White 
ſurface; provided that the obje& is farther from the lens than its focus, and that the 
whole apparatus is placed in a dark room. The image KL will be larger than the 
object EE, in proportion as the diſtance of the image from the lens is greater than the 
object. A concave reſlector AB may be placed within the lantern, behind the candle; to 
eee, eee eee i e 
— poreny | aan, 2% 248 | 
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CHAP, vi. 
SECT. IV. 
* © { : 3 C 


Of the Camera O 


* 


PROP. CLI. To deſcribe the conſtruction and 


Let CD be a convex lens, and HK a plane mirror inclined at an angle of 43 degrees, 
An inverted image of the object AB would be formed at EG, where the foci of the rays 
from the object are found after refraction; but-the'rays being intercepted by the plane mirror 
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uſe of the Camera 
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HK, are reflected (by Prop. C.) to NM, the focal diſtance before it, making an angle with Pie 3. 


the mirror of 45 degrees;- whence che image will be in a poſition perpendicular to the object, i: *& | + 


at the top of the box, where, if the rays be received on a ſheet of oiled paper, 


d glaſs unpoliſhed on one fide, it wi by OL viſible, 
; | 9 I 
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BOOK V. 
OF ASTRONOMY. 


PART I. 
oy 2 Morroxs oY the Heaveny Boon, a 


CHAP. I 
Of the SOLAR SYSTEM in General. 


Dex. 1. 9 Solar Syſtem conſiſts of the Sun; ſeven primary 

© planets, Mercury, Venus, the Earth, Mars, Jupiter, 
Saturn, and the Herſchel; eighteen ſecondary planets, the Earth's 
Moon, Jupiter s four Satellites, Saturn's ſeven, and fix belongin g to the 
Herſchel; and an uncertain number of comets. 


Scnot. Upon entering the ſubject of Aſtronomy, it will be proper briefly to deſcribe 
the different ſyſtems which have been invented, e n ne eme 
the heavenly motions. 

PToOLEMY ane and the ſun, moon, planets, comets» 
and fixed ftars to revolve about it every day; but that beſides this diurnal motion, the ſun, 
moon, planets, and comets, had a motion in reſpect to the fixed ftars, and were ſituated, -in 
reſpect to the earth, in the following order: the Moon, Mercury, Venus, the Sun, Mars, 
Jupiter, Saturn. The revolutions of theſe bodies he ſuppoſed to be made in circles about 
the earth placed a little out of the center. This ſyſtem will not folve the phaſes of Venus 
and Mercury, and therefore cannot be true. 

The ſyſtem received by the Egyptians was this: the earth was ſuppoſed immoveable in 
the center, about which revolved, in order, the Moon, Sun, Mars, Jupiter and Saturn ; and 
about the Sun revolved Mercury and Venus. This diſpoſition will account for the phaſes 
of Mercury and Venus, but not for the apparent motions of Mars, Jupiter, and Saturn. 


HAP. OF THE EARTH. V W 


Another ſyſtem was that of Tycho Brahe, a Daniſh nobleman, who was anxious to re- 
concile the appearances of nature with ſome paſlages of the Scriptures, taken in their literal 
interpretation. In his ſyſtem, the earth is placed immoveable in the center of the orbits of 
the ſun and moon, without any rotation about its axis; but he made the ſun the center of 
the orbits of the other planets which, therefore, revolyed with the ſun about the earth. 
Objections to this ſyſtem are, the want of that ſimplicity by which all the apparent motions 
may be ſolved ; and the neceſſity of ſuppoſing that all the heavenly bodies revolve about the 
. earth every day: alſo to ſuppoſe that a body ſhould revolve in a circle about its center with- 
out any central body i is phyſically impoſſible. 

Some of Tycho's followers, ſeeing the abſurdity of a diurnal revolution of the heavenly 
bodies about the earth, gave a wee motion to the earth, and this was called the Semi- 
Tychonic ſyſtem. | 

The ſyſtem which'is now univerſally ai is called the Copernican. Ie was 8 ; 
taught by Pythagoras, 500 years before Chriſt; and afterwards rejected, till revived by 
Copernicus, in the ſixteenth century. Here the ſun is placed in the center of the ſyſtem, 
about which the planets revolve from weſt to eaſt, in the following order; Mercury, Venus, 
the Earth, Mars, Jupiter, Saturn, and the Herſchel planet; beyond which, at immenſe 5 
diſtances, are placed the fixed ſtars. The moon revolves round the earth; and the earth 
turns about an axis, The other ſecondary. planets -move round their reſpectiye a 
from welt to eaſt at different diſtances, and in different periodical times. ti - 
According to this doctrine, the Sun S is the center of the ſyſtem ; Mercury a, Venus b. ie 
the Earth 2, Mars e, Jupiter 55 and Saturn h, revolve in elliptical orbits round the fun; the 
moon 4 revolves about the earth, and the jutellites of Jupiter, Saturn, and the Herſchel, re- 
volve about their primaries ; and the planes of their orbits are inclined 4p one apother 9. 


This doctrine, bing mitted 8 use, will count for th apparent motions and one: 
— phenomena, of ˙ bodies, es wi INE : I | 


"£4; 


| N hs 1280 uf dts wx; wid bn is AI 
teleſcopes, of his own conſtruction, every part of the Heavens, diſcovered, in the neighbourhood of H Geminorum, 
⁊ planet far beyond the orbit of Saturn, which had never before been viſible to mortal eyes. - He has fince diſcovered | 
fix ſecondaries. belonging to this new planet, which planet is called either the Hznscurrt, from the name of its 
indefatigable and truly great diſcoverer ; or the Georgium Sidus, or Georgian Planet, in honour of the preſent king, 
who has diſtinguiſhed himſelf as the patron of Dr. Herſchel. The planet is denoted by this character III an Hy 

as the initial of the name, the horizontal bar being croſſed by a perpendicular line, forming a kind of croſs, the 
Gan tiahern1901 ne denoting, berate en ee ee 
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CHAP, II. 
* the EARTH. 


SE: 0 F. Hs | 


'Of the'eLonuLAR Font of the Eanrn, and its DIURNAL - MoTron aac 
its Axls, "YT" the on eg which ariſe from theſe. 


PROPOSITION 5 
The earth is of a globular form. 


For, 1. hd Gt re hich prog ct tie noone vin ah as, 
| which appearance could only be produced by a a ſpherical body. 2. The convexity of the 
ſurface of the fea is viſible; the maſt of an approaching ſhip being ſeen before its hull. 
3. The north pole becomes more elevated by travelling northward, in proportion to the 
ſpace paſſed over. 4. Navigators have failed round the earth, and by ſteering their-courſe 
A e ona artived, at Jength, at We Phct from velit they depareoll. | 


Per. II. The Axis of che earth is an mier Hike ra through 
the center, about which its diurnal revolution is performed. 


Dex. III. The Poles of the earth are the extremities of this axis. 


Orr. IV. The Eguator is the circumference of an imaginary great 
rde paſſing through the center of the earth, 1 ous. 
un diſtances from the poles. ee 5 | 


Der. V. If the axis of the earth be en boch ways, as er as 
the "concave ſurface of the heavens, in which all the: heavenly. bodies 
appear to be placed, it is then called the Axis of tbe Heuvens; its 
extremities are called the Poles of the Heavens ; and the circumference 
produced by extending the plane of the equator to the fame concave 
5 is called the Equator in the Heavens. | 


3 
F + > ** * 2 f - 
XXL 80 | 3 | | Dar 
, - ; x "Bo # * 5 ” *- 


ena . or THE EARTH. 


r. VI. Circles drawn through the poles of the earth or 1 
Wee to the plane of the equator, are called Secondaries of the 


Auster. 


7 


Dex. VII. The ſenſible 888 is an imaginary Scl which, 
touching the ſurface of the earth, ſeparates the viſible part of the heavens 
from the inviſible. The rational Horizon is à circle parallel to the 
former, the plane of which paſſes through the center of the earth. 


Scher. Since (by Book IV. Prop. LXIX.) the apparent . 
verſely as its diſtance, if the diſtance be increaſed in ſuch manner that it may be looked upon 


as infinite, the apparent magnitude becomes a point. Hence AF, the ſemidiameter of the Plate g. 5 
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earth, viewed at the different diſtances , O, R, diminiſhes, till at the diſtance of O, 2 ** 


fixed ſtar, it becomes a point, E77 EE IND 
viewed from the viſible horizon SET, or the rational horizon * ; ; 


Shiny VIII. The Poles of the Horizon are two. points, he one of. 
3 which, over the head of the ſpectator, is called the Zenith ; the , 
which is under his feet, is called the Nadir. 


Der. IX. + Circles. draw through the zenith * as wy any v place, 
cutting the horizon at right angles, are called Vertical. Cireles.. 


Dee. X. A verticle circle paſſing thraugh the poles. of the heavens, ö 


is a eg and is faid to be the ne of =P Do" thaw wig WOES - 
Dep. XI. The 11 180 of any 3 — through « the 5 and 


falling perpendicularly upon the horizon, cuts it in two Wr N 
| -”_ called North and South, 05 | 


Dxr. XII. A Meridian Line, is the common interſe&tion of the «pln. 
of the meridian and the plane of the horizon. 


Cor. Hence any line which lies due north and fouth in an brian pie, may de 
conſidered as part of the meridian line. : 


School. 1. To draw a meridian a. TK to an 8 plane, ere a wire, | 


5 e ene edle ler hmm OT 
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. OF- ASTRONOMY, BOOK v. PART L. 


of the ſhadow, it will be beſt to make the ſtile flat at top, and to drill a ſmall hole through 
it, noting the lucid point projected by it, mark, at ſeveral different times before noon, theſe 
lucid points, and through them draw concentric circles about the middle point of the wire's 
ſtation ; obſerve in the afternoon when the lucid points again touch theſe circles; and find 

the middle point of each arc between the points already taken: a line drawn through theſe 
middle points, and the common center, will be the meridian line; for, ſince at equal 


diſtances from noon the ſun is at the ſame height, or in verticals equally diſtant from the 


meridian, the circle drawn through the zenith at equal diſtances from theſe verticals is the 
meridian, This ſhould be done about the ſummer ſolſtice, between the hours. of 9 and 11 


in the morning, and 1 and 3 in the afternoon. 


SCHOL. 2. To obſerve the tranſit of any heavenly body over the plane of the meridian 
place, in this plane, a teleſcope, having two croſs hairs before its object-glaſs, one vertical, 
the other horizontal, and obſerve when the -vertical hair paſſes through the center of the 
heavenly body: or, hanging two plumb-lines exactly over the meridian line, place your eye 


. cloſe to one of the threads in ſuch manner, as that it ſhall cover the other thread, and 


obſerve when the wy is behind the threads, 


/ 


Dex. XIII. The Altitude or Mee © of any BER? as above 
or below the horizon, is the arc of a vertical circle intercepted between 
the body and the horizon, or the angle at the center meaſured by that arc. 


Scho. Tue altitude of any heavenly body is found by the belp of a quadrant thus: 


bring the quadrant ii: to ſuch a ſituation that the ſtar may be ſeen through the ſights; then 


the angle, contained between the ſtring of the plummet and the ſide of the quadrant on 


begeht be e e RRV 


Dee. XIV. The Prime Vertical, is 4B which croſſes the $9742 F008 


at right angles in the zenith and my, cutting the horizon in the 


. cardinal points Eg, and WP. 


Dex. XV. The Azimuth of a heavenly body, i is the arc Al the PER | 


_ intercepted between the meridian and a verticle circle paſſing through 
that body ; it is caſtern or weſtern as the body is caſt or weſt of the 


Scuol. The azimuth of any ſtar may be thus found, Let AC be a given meridian | 
line. Above any point A in this line, let a cord with a plummet be hung: let another 


cori with a plummet be hung at E, fo that the ſtar and the two cords ſhall lie in one and 


en W enn, 5 
From 


# 


| CHAP, IT. 15 OF THE EARTH. 


From the point B, to any point C, in the meridian line AC, taken at pleaſure, draw the 


right line BC; then with a ſcale of equal parts meaſure the three lines AB, AC, BC. In 


the triangle, therefore, ABC, there will be given all the ns from whence: will be found | 


the angle BAC, equal to the azimuth required. 


For if the meridian line be ſuppoſed to be continued WF; a the line BA to G, 3 


angle FAG will be the azimuth of the ſtar; but the angle FAG will be equal to the, JO” 
at the vertex BAC; therefore the angle BAC will be equal to the azimuth. . 


"Yr. XVI. The Amplitude of '@ heavenly body at its 8 is the 
arc of the horizon intercepted between the point where the body riſes, 


and the eaſt ; its amplitude at ſetting, is the arc of the horizon inter- 


cepted between the point where the body ſets, and the weſt: it is 
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northern, or ſouthern, as the MA ry or ters, to the norcht or ſouth 7 | 


of caſt or weſt. | 
Des. XVII, If an heavenly body files, or A whit thi Lin riſes, 


| it is ſaid to riſe or ſet coſmically ; if it riſes, or ſets, when the ſun ſets, 
it is faid to riſe or ſet achronicalliy; it is ſaid to ſet or rife Bheliacally, When 


it approaches ſo near the ſun as to become ene, or e — far 
nen him as to become viſible. l „ Te EL vg 


Dxr. XVIII. The 2 of a place upon PV” ſurface 67 the POR | 


is its diſtance from the earth's s equator ; it is meaſured by the arc of the ? +, | 


it geographical meridian of the place intercepted between the Fee en . ar 77 


equator: latitude is either northern or ſouthern. 


Dee, XIX. Parallels of Latitude, are e on the Furface 4 the uſt 


earth drawn parallel” to the DE 


"PROP. II. A Ker in the PROTO is to a a deg in and pate of 
| latitude, as radius to the coſine of latitude, | i 


Let EPQ be a geographical meridian, EQ the equator, "and FB a parallel of bine. ge 


The circumference EQ is to the circumference FR, and any part of EQ, to any fimilar bo. 


part of FB, as C or CB, the radius of EQ, to AB the radius of FH. ; and AB is the 
coſine of the arc BQ, which is the latitude of the parallel FB. Therefore 2 e in 
een as radius to the coline of litivude. 155 | | u 
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5 'OF ASTRONOMYVI. nook v. Ar r. 
Dxr. XX. The Bani of a place, is the diſtance between the 
meridian of tliat place, and the meridian of ſome other place, taken at 


pleaſure, and called the firſt meridian ; it is meaſured by the arc in the 
equator intercepted between ' theſe two meridians. Longitude 1s either 


eaſtern or weſtern, and is dane * ry e 


PROP. HI. The altitude of one pole, _ the depreſſion of the 1 


at any place on the carth's ſurface, is equal to the latitude of that Place. 


Let R be a place upon the earth's ſurface ; Z, N, * nc wad aodle 4 $, the poles 
of the heavens, and P, , the poles of the earth; EE, the celeſtial equator, ee, the ter- 
reſtrial, and HO the horizon. The latitude of the place is R, or the equal arc EZ; 
and PO is the elevation of one pole, and Hs the depreffion of the other. Becauſe ZO is 
the diſtance of the zenith from the horizon, it is an arc of go degrees; and becauſe EP is 
the diſtance of the pole from the equator, it is alſo an arc of go degrees: ZO and EP are 
therefore equal, Take from each of theſe the common arc ZP, and the remainders EZ 


and PO are equal. But HS and PO are equal, becauſe day end her equal angles 


HTS, PTO: ee eee e crete of th TOI 


are equal to the latitude of the place EZ. 


Cor. Z 
on the ſurface of the earth paſſed over in a line which lies north and ſouth, while the pole 


gains one degree of elevation, and multiplying this length by 360. A degree of latitude 
contains 694 Engliſh miles, whence 24930 miles is the meaſure of the circumference of the 


earth, and the radius 3985; but, as will be ſhewn hereafter, Wm whoſe 
polar diameter, is to the equatorial as 229 to 230. . 


PROP. IV. The clevation ve * the Sauter at Ty apes is + qual to the 
ſx? e of its latitude. „ 


J di33 fun Vie 6 ac of 90 Jem) EZ is equal to. PO, that 
is, (by Prop. III.) to the Latitude of the place. But EH, the elevation of the equator, is 


| de complement of EZ, ts dec ql th component ofthe lite of he plc 


PROP: v. The earth revel any eum in tis den well: to 2 


caſt, the heavenly. bodies will appear to a l on the earth to revolve 


V airs 1 oe re nd O's 


1 


ena. 1 G. £11453 OF THE): DARTH. ; . pl . . 


Let RCBBF be the earth, T its center; HTO. che e d +: e on R-. 
whoſe zenith is Z; let a ſtar appear in the horizon at H. The earth revolving from weſt 
to caſt, that is, in the order of the letters R, C, B, F, in a fourth part of one revolution, 


the ſpectator will be carried from R to C: conſequently, his horizon will become ZN, and 


the ſtar which appeared in his horizon at H when he was at R, will now appear neatly in 


the zenith. When another fourth part of the revolution is completed, the ſpectator will be 


at B, and N being now his zenith, and HO his horizon, the ſtar will be ſet with reſpect 


e and will not riſe till he is again in the ſtation R, that is, till the earth has com- 


pleted one revolution. Thus whilft the earth has turned once round upon its axis from 
welt to eaſt, Ms e,, Rs PO A ATED 
turned · round from ealh to welk. - 742 tek -þ | 10. meln 


15 


PROP, VI. be Alternate ſucceſlion of day and night #0 the ED of 


4 Forts * 


the revolution of the earth round its axis. 


For, all the heavenly bodies 8 (Prop. v.) nn Wil the a 
earth revolves from welt to eaſt, the fin will Sp, l ini le I A GN hs 


| horizon iti the eaſt, and after deſcribing a portion of a circle, to ſet in the welt; and will 


continue below the horizon, CA e e 


and thus day and night will be alternately produced. Ruta EEK HER 


' ScnoL. m time of has Wii, in e 
CCT 
an M 2 | | 


we 


- 
— 


M sor. e 
97 the ANNUAL ; Mormn of the Barn round the Son. 2 


— 


kor. VII. The a trig bnd poll 5 og 6 hours, 
56 minutes, 4 ſeconds, the ſun appears to revolve round the earth i in * 


ſame time, but in the contrary direction. i acer CR 


"i 


Er Let 8 repreſent the ſun, BAC the orbit of the earth, and HE ary cape. 
x - Whit the earth is moving from A through B to C, it is manifeſt that, to 4 ſpectator on 
the earth, the ſun muſt appear to moye in the contrary direction from E through F G, 


HOY the heavens: formed by the plane of the earth's orbit. 5 


while the Got OY e vill oper 090k om H 


Hh. . 8 . benen, 


— 
* 


ö 
i 
: 
# 
' 
. 
i 
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Plate g. 
Fig. 7. 


bb AS TR ONOM V. BOOK v. PART 1. 


© Scuorr 1. It i manifet that the circle in which the ſun appenrs 60 move, is the ſane 
in which the earth would appear to move to a ſpectator in the ſun, ech A 
place of een Bing wen the true place of the earth in its orbit'is known. 1 abs 


Senor. 2. The orbit i in which the earth reyolves round the ſun is not a circle but a an 
elipſe, having the ſun in one of its foci. For the computations of the ſun's place, upon 
this- ſuppoſition, allowing for the diſturbing forces of the planets, are e found to agree with 


e See 1 XXXIII. 


Der, XXI. The circle which the ſun appears 10 ack owl; in 
85 concave ſphere of the heavens, is called the Ecli pio. 


Der, XXII. A portion of the heavens, about 16 degrees ,in breadeh, 
through the middle of which paſſes the ecliptic, is called the Zodiac. . 


eee eee ples, „ 


S 2h * 


r. XXIII. The flars in the Zodiac are bie © into 13 TO 
yo ee, Gemini, Cancer, Leo, Virgo, Libra, Scorpio. Sagittarius, | 
Capricorn, Aquarius, Piſces. 3 Wee theſe figns, are 
which correſponds to the . eee 2 of the mo 
in which the ſtars belonging to each ſign are of placed.” 


PROP. VIII. The axis of 7" earth er part of the carth* s revo 
lution about the ſun, makes, with tlie plane of its orbit, that i is, of 'the 


ecliptic, an angle of 664 degrees. 15 


Let BA repreſent the plane of the ecliptic or ann RP hae 1 ks 
and Pp produced the axis of the equator, If the earth be at 8, its axis is not perpendicular 


to the plane of the ecliptic, but makes an angle with it, PSA, about 66* 30”. In any other 
part of its orbit, as at M, or X, the axis af the parch is "WE ke por to the plate of the 


BG a ee RR 


Con. 1. PPP. 
it was at any other part of the orbit. Suppoſing the line FG to repreſent the ſituation of 


che axis of the earth when at DFG, and to be parallel to the line HI; then when the 


earth is at 4 /g, or CCC 
line HI, therefore fg is parallel to FG. | = | 
' 4 ; | "08 Pl 7 7 Con. 


eee 


4 tach of theſe parts is called a Sign z and the names of the ſigus in the 


I 


$ * . ; 
. " k I ; ; * 


CHAF/ u. or n e 
Con. 4. ann eee n eee 23k | 


| aegroes nearly. e i hank 50100 ve Mcd 


c i in 
Schl. "he obliquity. o the ecliptic ix is not permanent, but j PETE OA EY 
by the Selige approaching nearer. to a paralleliſm with the equator, at the rate of about 
I a ſecond in a year, or from. 50” to 55” in 100 years. "The inclina aol at this time is 25 


28 55 nearly. The diminution of the obliquity of the ecliptic to the equator is 2 to 


the action of the plants upon the earth, eſpecially the platiets Venus-and Jupiter." The 
whole variation, it is ſaid, can never exceed'one degrees when! it will agai 


de obliquity of the ecliptic may be thus found. Ohſerve with a good 8 
5 divided, the meridian altitude of the ſun 8 centef, an the days, of the ſummer — 


t 5 


winter ſolſtice, then the difference of the two, wi be the Uiſtancs betweek” the I) 


the half of which will be the obliquity ſought. ets 1 5 
By the ſame method, the dactination of che fun for exempt jn te yoar nay bo foul 


See Prop. XVIII. 


to Hoge 38 1687 ad „ aatobet 2 ul 281 299 


Dxra XXV. The ecliptio being divided inte twelye al: parts, 


1 * - 
44% 11 


ecliptic are the ſame with tlioſe 1 in the * but do ee l corre | 


E with them. en Wen Au battle 


Der. XXV. The twb 3 in chien the eeliptic cuts the equator, 
are called the EquinoBlial Points : the vernal equinox is at the AY | 


of Aries in the ecliptic ; the autumnal, at the firſt of Libra. DE! 


Schorr. "The moment of tine: n ten the ſun enters the { Equator; tidy may be pe 


vi, the latitude of the place of the obſerver being knen För in Apt: 4 
| Gay, of near it, with an inftrument. exactly divided int degises mimmes, and parts of 
minutes, take the meridian altitude of the ſun: if it be equal, to the altitude of the equator, ; 


or to the complement of the latitude, the ſun is then iti the equator 3 but if it is not equal, 


mark the difference, which will be the declination of the ſun. The next day, again oblerye 


the meridian altitude of the- ful and gather from thence his; declination. If theſe ywo / 


declinations be of different kinds, as the ene ſouth and te other north the equinox happens 
ſome time between the two obſervations; if they be both of the ſame fort, the ſun has 


T7 pu in A. row tel jor llppions. 
s 49 the moment of the equinox is thus inv effigated 8 1 

et CAB . portion bf the ecliptic, 25 0 art öf the echter, an 10 ll Plate %. 
im be in A! Lt Ex be dhe declination of cv ag dt dme tine d erg Retain, "6 

0 his declination in the ſecond obſervation; the are CO will be the motion of thę ſun in 


the 1 for one day, In the ors triangle AEC, tas ah at + we have the 


"2 Gan 2 5 angle 
0 - : 6 # 8 o 
— 1 Fl 
* q Ll 3 1 
: ; 


ee . ee, ee 0 Ho t6641-51 


oF ASTRONOMY. 153530 


enen CE the:deckeatin of the thn, 
known by obſervation, by which may be found the arc CA. And in the ſame manner in the 


triangle AO the ſide AO is found; and thence the are CO, which is the ſum or difference 
of the arcs CA, AO. Therefore as CO is to CA, rr ee p egg ee : 


—A bafier hr hr caral cle come 


Dex. XXVI. The points of the ecliptic which are at the ak | 
diſtance from the equator, are called the Sofftices ; ; and the circles which 


paſs throu gh theſe points parallel to the equator, are called the Tropics: 
the ſummer ſolſtice i is at the firſt of Cancer, the winter ſolſtice at the 


firſt of Capricorn: the northern e is called the * of 1885 
the ſouthern, of Capricorn. 


Con. The fun is once in the year at each of the tropics, and twice it ihe quail; 
Der. XXVII. Circles which paſs through the poles at right angles 
to the equator, or any other great circle, are called Secondaries to that 
circle: the ſecondary which paſſes through the Fa on TON? is. 
called the Equinoctial Colure. ; 


Dex. XXVIII, Tbat pole which is neareſt the tk of Cancel i is 
called the North Pole, r which is Ae the 2 of bit is 


called the Sourh Pale, 


Der. XXIX. An imaginary line, n r ee n 
ecliptic, and perpendicular to the plane of it, is the Axis. of the Ecliprics 


its extremities are the Poles of” the Ecliptic,, and all circles, paſſing 


through theic poles, mal e to che e are its fn en 
Con. . 8 an ds of 23} degrees ey wie of he 


— 


1 7 
8 N 1 


Dis XXX. The Polar cin are Aeferibed "ine whe We or | 


_ the poles of the ecliptic about the poles of the equator ; that which is 
2 e 19 6807 Mn no a DER erbte. ec e 


tircle. | | | A 1000 
3 . , + SB . . r 5 


7 2 . | 
- . » 7 * 5 4 4 * 8 9 E & 4 | 4 
% "®. 1 p SI * q * 1 _ 2 ö a | þ 1 | 2 
E * 8 * 4 * 9 * - 5 & & " 2 » > - ff * + 4 4 


Dis. 


„„ a THE EARTH. 


paſſing through that body. 
Der. XXXII. The Rzght eps * any . body; is its 


diſtance from the firſt of Aries reckoned upon the equator: this is mea 


ſured, by obſerving the are which is intercepted between n t a 
ſecondary to the equator paſſing through the ſun or ſtar. BENS 


DET. XXXIII. The Larirude of any | heavenly boch, i is by diſtance 


from the ecliptic; and the degrees of latitude are reckoned on e | 


dary of the ecliptic paſſing through the body. 


DR. XXXIV. The Longitude of any heavenly body's is its diſtance 45 
from the firſt of Aries; and is meaſured on the ecliptic by the are 


intercepted between the firſt of Aries and the ſecondary of the ecliptic 
which paſſes through the body: the longitude increaſes, as the body 


recedes from. Aries, through the via ee till it reaches 60%. 


or comes again to Aries. | 


Der. XXXV. Two bodies 4 are | faid to 8 in 1 with Pont 
other, when they have the ſame longitude, or are in the ſame ſecondary. 


of the ecliptic on the ſame ſide of the heavens, though their latitude be 


a „ 
Dr. XXXI. The Declination of any heavenly body, is its . | 
from the equator; this is either northern, or ſouthern. The degrees of 
declination of any body are reckoned Ow a ets of (0 e 


- different: they are Had in be in M when oe ee differ. . 


half a circle, or they are on __ fides of tho ROK 1 


PROP. IX. The axis of the hezvens l is perpendicular to. the planes: 


of all the circles which the nano bodies 7 in their 9 8 8 


diurnal motions. 


For the heavenly bodies, from the revolution of the earth round! "i any eee more 


from u e wh. in cities pare IN I} 


Con. 1. The planes of at 6h eee ud 5 10 85 
Con, 2. The axis paſſes through the centers of the circles, be 
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OF ASTRONOMY. nook v. AAT 1. 
* Der. XXXVI. The celeſtial ſphete is called ot; oblique, or parallel, 
as the celeſtial On is at ri Tor an agles, hes tac or Po to the 


Horizon. : 


PROP. X. In all places on the equator, the poles key m hy kad, 


and all the circles. of daily motion make right angles with the horizon. 


For theſe places (by Def. XVII.) having no latitude, the poles (by Prop. III.) are neither 
elevated above nor depreſſed below the horizon; and ſince the equator is go degrees from 
the poles, it is at right angles to the horizon, and alſo all circles N to it. 


kor. XI. Thoſe who live at the equator are in a be ſphere ih 
and, conſequently, their days and nights are always equal. FLOG 
| "The great circle of the celeſtial equator and its parallels (by laft Prop. I make right angles 


With the horizotis of all plates in the earth's equator; therefore (by Def. XX XVI.) the 


inhabitants of thoſe places live in a right ſphere. Hence, becauſe the celeſtial axis PTBS is 
in the plane of their horizon, and that this axis is at right angles to the plane of the equator, 


and (by Prop. X.) paſſes through its center and through that of all circles parallel to the 


equator, the plane of the horizon alſo paſſes through the centers of theſe circles; arid con- 


ſequently divides the equator and its parallels into two equal parts. One half of theſe 


circles will therefore always be above the horizon, and the other half below it. But each 


of the heavenly bodies in their daily motion deſcribes ſome one of thoſe circles, and the 


diutnal motion of the.carth is uniform ; therefore any heavenly body will, in this ſituation, 
be ft = long obe the dorizod 4s beide it. Arid becauls this will be the cafe with rept 
to the fun, as well as any other body, in whatever part of the heavens he is ſeen, n N 


OO OO I Or Tun wp7 on ng 


PROP, XII. At the poles of the earth, one celeſtial pole is in the 


Np and the other. in the nadir ; the equator coincides with the 
horizon, and all the circles of daily motion are parallel to the horizon. 


e hnonly of the poles is 90 ne 


- PROP. 3 Oy Thoſe who hy at al ry de in A purklle? fphere: 
they ſee the heavenly bodies carried round them in circles parallel to the 
4 ; and their day and their 9 continues each half year. i 
) ; | IS An . 


An inhabitant at P has the equator EQ. in. the ; and all its parallel crc lo prey 0 SES 


parallel to te horizon. Therefore each of the heaveriy bodies, in its apparent daily watian. 
being in: ſome one of theſe circles, muſt deſcribe a path parallel to the horizon :. ſo that thoſe . 

which are above the horizon will never ſet by this mation, and thoſe which are below it - 

will never riſe. The ſun, therefore, in this ſituation, will not riſe or det by the diurnal © 
motion of the earth. But from the annual motion of the earth, the ſun daily changes its 
apparent place in the heavens, till it has deſcribed the circle of the ecliptic CL; one half 

of which is above the horizon, and the other half below it, becauſe theſe circles have a 
common center T, the center of the earth. Therefore, far ane half of the year the fun 

will be in ſome part of CT, that half of the ecliptic which is aboye the horizon, and WII! „ 
daily revolve in circles above the horizon; and far the other half, it Will be in een „„ Ee 

- and evil} perform ts Gl re REY nee VVV 


PROp. XIV. in any place between We -poles „ 1 Mt Tree 
celeſtial pole will be elevated, and the other depreſſed, Wan age ME 78 
than a right angle; and the aſh SOV: ol, OO; * angle we 6.6 LEY 1 
: a right angle with the horizon. Rene ts ing 

For, dee e e h % l N an is 4 ns A VVV 
of the poles, its latitude i is leſs than 9o degrees: whence (by Prop. III.) the poles are elevated, 170 „ 
or depreſſed, in an angle leſs than a right angle; and conſequently the equator, 1 I” F 
pendicular to the axis, an 2c angie leſs _—_ degrees win ae wee W F ä 


_ PROP. XV. Thoſe who live on any part « of he Pres of che ö; 
meth between the equator and- either pole, are in an oblique e NX? 
and have all the circles of daily motion oblique to their horiaon. „ 

Let HO be the botizan of = bs hach lie Bebe the Knot ies Plates. „ W 8 
poles; the celeſtial equator EQ, and all its parallel circles, will be oblique to the 1 genes nf... 
and therefore each of the heavenly bodies, being in es one of "__ ee, will 1 5 5 
to move r horizon. f... 135 


PROP. XVI. When 3 ſun, in li 133 758 ee is in 0 „ : 

the paints in which the ecliptic cuts the equator, the day and night will. ell . F 

be of the ſame length at all places on the ſurface of the earth; hüt. 

when the ſun is in any other part of the ecliptic, the days will le 2 

longer as the ſun's declination towards the elevated pole increaſes, andi e, 
Ou as its e a, the e had ede. „ 
N ee 


— 


OF ASTRONOMY. BOOK v. PART 1. 


Tk beer the horizon HO, of any place, piling through T, the center of che ſphere, 
and alſo through the center of the equator, divides the equator CL into two equal parts, ene 
half above, and the other half below the horizon. When therefore the ſun has no decli- 
nation, or is in the equator, it will appear in its daily revolution to deſcribe the equator CL, 
/ benbone che Kookhan, and; Gering te : 
Sther half, below it. x 
But ſuppoſe the ſun to have its declination towards P, the elevated pole, equal to Faw: 
its diurnal apparent revolution will be in the circle mm, the centre of which is in a part af 


the axis above the horizon; whence the plane of the horizon does not paſs through the 


renter, and conſequently the circle m is divided into two unequal parts, the greater above 
the horizon, and the leſs below it. Therefore the ſun, deſcribing the circle m, with an 
uniform velocity, in its apparent diurnal revolution, will be longer in deſcribing the part 


nbove the horizon, and the part below it. And this difference manifeſtly increaſes, as'the 
Circle of the ſun's apparent diurnal motion-recedes from the equator, that is, as the ſun's 
declination towards P increaſes. In like manner, it may be ſhewn, that the days will be 
| Horter, as the ſun's declination towards the depreſſed pole increaſes. 


Or thus: Let AB repreſent the plane of the ecliptic ſeen edgeways; 8 the ſun in the focus 
of the orbit; MO, KL, XY, the earth in different parts of its orbit. If FI, the axis of the 
ecliptic BA, were alſo the axis of the earth, that is, if the planes of the equator and ecliptic 
were coincident, it is manifeſt that the ſun, the apparent annual motion of which is in the 


plane of the ecliptic, would at all times of the year appear to move in the circle of the 
_ equator, and to be equally diſtant from the poles, and conſequently could produce, by its 


apparent motion, no varieties in the length of days and nights. But the earth's axis being 


inclined to the plane of its orbit, as Pp, when the earth is at MO, the pole P will be towards 


the ſun, and the pole p turned from it, and the reverſe when the earth is arrived at XY. 

When the earth is in the middle ſtation. between B and Ns ieee e e both 

the poles will be in the circle illuminated as at KL. 
In the poſition MO, ſince the ſun muſt always 8 one half of the globe, the 


Fight will paſs beyond the pole P as far as F, and will extend towards the pole p no 
farther than I. Conſequently, in the diurnal revolution of the earth round its axis, while 


the earth remains in this poſition, all the parts of the globe berween F and G will be 
illuminated, and all the parts between I and H will be dark. Farther, in this poſition 
greater portions of thoſe parallels which lie between the equator and the circle FG, will 
at any inſtant be in the illuminated, than in the dark, hemiſphere ; and, on the contrary, 


© greater. portions of thoſe which lie between the circle HI and the equator, will at any 


inſtant be in the dark, than in the enlightened, hemiſphere. Conſequently, any given 


place on the ſide of the equator towards P, will, in one diurnal revolution, be longer in 


the light than in the dark, and the reverſe on the fide towards p. The difference between 


the length of day-light and night, will decreaſe on either fide of the equator, as we 


e win mille eee ee 


chm n. OF THE EARTH. „ 241 
being always equal, the days and nights will be of equal length. The contrary to all this. | 

will take place in the ſituation XY. Continual variations will take place, while the earth 

paſſes from MO to KL, and from KL to XY. But in the ſituation KL, the illumination 

extending exactly to both poles, all the parallel circles are half illuminated, and half dark: 
conſequently, any place upon the globe will, in a diurnal revolution, have equal portions of 
light and darkneſs ; that is, day and night will be every n "yl length. This muſt 

happen twice in every annual revolution. 


Con. x. All bodies which are on the ſame fide of the equator, wich þ the per, con- 
tinue longer above the horizon than below it, and vice verſa, 


Cook. 2. As the orbits of the moon and planets are een 3 a variation 
of the times of their continuance above and below the borizon will take place. 


Scnol. 1. When the ſun is very near either of the tropics, the Wh dowd wppos of 
different lengths, for the circles of apparent diurnal motion are 0 hear to each other, that 5 BE” 
he, cannot be ſenſibly diſtinguiſhed. . 
Senol. 2. The different degrees of na of 4 oe he 5 E | 
to the different lengths of the days, and partly to the different degrees wle ih „ „ 
nnn . N 3 5 


PROP. XVII. When che ſun, or any ther heavenly body, is inthe 
equator, it riſes in the eaſt, and ſets in the weſt. | 
Ir in des vide nad fans in; tha babe „ 3 mY | 
becauſe the equator is at right angles to the meridian, nene FE, i 
ſouth points, in the points of eaſt and weſt. i 5 7 


Con. In north latitude, thoſe bodies which have north deblinacion, riſe between the catand 
nn Ao thev mmm . 


Ka 
- 


4 


2 PROP. XVIII. When the Aima of the Car is e the % 
elevated pole, its meridian altitude is equal to its declination added to e 
the elevation of the celeſtial equator: when its declination is towards „„ 
the deprefſed pole, its meridian altitude is equal to its — . n W BR 
| trated from the elevation of the equator, _ „ 
Let Ho be the horizon, T the earth, P and S the celeſtial A D ihe zenith, N 8 

| nadir, EO. che equator. If the fun be at C, having its declination towards the eletate *'* '*: 
pole P, when it arrives at the meridian PS, its meridian altitude CH is equal to the ſum k 


W . mann 1 
| 13 ; | declination k 5 . „ 


a 
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ee he depreſſed pole 8; when it arrives at the meridian, its altitude IH is 
equal to the difference of e ee hawaii eee aan, declination, 8 | 


enn e AH: 


PROP. XIX. When the declination of a 3 elke the 


elevated pole, is equal to the latitude of any place, the body will paſs 
through the zenith of that place: and when its declination towards the 


depreſſed pole is equal to the latitude, it will paſs through the nadir. 
Any ſtar or planet which paſſes through D, the zenith, in its apparent diurnal 1 e 
muſt deſcribe the circle DO; whence its diſtance from the equator or declination will be 
ED. But ED is the diftance of the zenith from the equator, which, becauſe the elevation 
of the equator is equal to the complement of latitude (Prop. IV.) is 3 equal to the latitude. 
In like manner the reverſe may be proved. | 


PROP. XX. A heavenly body een from any place, will never . 
from the diurnal motion of the earth, if the complement of its decli- 
nation towards the elevated pole be equal to, or leſs than, the latitude of 
the place: and it will never riſe, if the complement of its declination | 


towards the depreſſed pole be equal to, or leſs than, the latitude. 
Let PD, which is the complement of declination of a body at D, and alſo the diſtance of 


the body at D from the pole, be equal to PO, the elevation of the pole, or (by Prop. III.) 


the latitude; it is manifeſt, that the body at its loweſt depreſſion will be no farther from the 
ee Ng that Is, will never be mw In like manner Or 


be ſhewn. 


SCHOL. hs A wt ahem be Gund, ty obſerving te cd and ba 
altitude of a fixed ſtar that never ſets. 

Let A be a ſtar near the north pole, which in its daily motion deſcribes Stade AB. 
without ſetting. A quadrant being placed in the plane of the meridian, or along the 
meridian line, obſerve its altitude when it is at A, and afterwards when at B ; the difference 
of theſe altitudes is AB. And, ſince the ſtar, in its revolution about the pole, is always at 
equal diſtances from-it, if AB. be biſeQed in P, this point will be the pole, and [conſe- 


. quently PO will be the elevation of the pole. But, ſince the lengths of the arcs AO, BO, 
have been ſound by obſervations, their difference AB, and the half of this difference, AP, 


or BP, is known: and PO is equal to BP+BO, or to AO PA. Whence the elevation 


of the pole, that is, the latitude, is equal to the ſum of the leaſt altitude added to half the 
difference of the greateſt and leaſt altitude, or it is equal to the remainder ariſing from ſub. 


MEA IO EEE CO RT: 


ana 11. OF THE EARTH. 


Or, the latitude may be found from the ſun's meridian altitude and declination; If tho 


ſun* s meridian altitude, found by a quadrant, be CH, this altitude is equa] to the ſun's decli- 
nation CE, added to the elevation of the equator EH, Therefore, if CE, the declination 


towards the elevated pole, be taken from the meridian altitude; the remainder EH will be 
the elevation of the equator. » But ſince the elevation of the equator is the complement of 
latitude, the latitude is the complement of the elevation of the egg This nes, | 


therefore, being found, the latitude of the place is known. 15 
Or, the latitude of a place is equal to the ſun's meridian zenith diſtance, aided to his 


declination, when he paſſes the meridian between the zenith and the equator. '' 1 
þ + 5% To find the latitude from an obſervation of the ſun's noe, Ang ns. 
at the Obſervatory at Cambridge, £7 
Apparent meridian altitude of the ſun's wah limb ell} 46/ 87% i fi % 
Sun's apparent . from the eee : 2 I 
Aprarent altitude of the ſun's center | " - . 54 7 Fad; Mt 


L CIARA | 5: +227 £55, att IS, 3 
Deduct for refraction — . 2 — eh; Ys” 7 3 0 + © 43 18 : 


HL Altitude » of an center % „ ng NOT Be 19 2 
. FHP 


Zenith diſtance of the ſun's center j is wa 3 25 = jk | me 
1 crafting the laſt altitude from go: TOY 68 
e,, 2 


Rnd L 

: * 4 I + * ju : * 

» A ; 5 6 Y 7 I» FE 
” < 


EA. 2. Dee: I, 1793- The obſerved meridian altitude of Sirius irius was 59* 30 1 
the liste. 3 „ eee be OH 


. "Obes 1 „ 1 8 

| Therefore, Zenith disse a oi 30 10 N. 
Daeclination of Sirius i a 16 0 8. LENS Y 

| Gontquenty, Rog end 9 0 „ + 126; * 
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4 of the earth, divide it into five parts called Zoner: the torrid 


zone lies between the two tropics; the temperate zones between the 
tropics and polar circles; "_ the frigid zones _ the polar circles 
ang the Pee, as + 1595 5 . e 91519 N 004 ee en, REGED n 
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PRO P. XXI. At . ron in the torrid zone the fun is vertical 
twice every year. 


c 
equator, has every northern declination from o to 234: and every place between the 
equator. and the tropic of Cancer has ſome northern latitude between o and 233 : therefore, 


in ſome part of its courſe from the equator to the tropic of Cancer, the ſun muſt have 


a declination equal to the latitude of every place between the equator and the tropic: 
whence it muſt be once in the zenith of every ſuch place in its courſe towards the tropic 
of Cancer, For the ſame reaſon it muſt be once in the zenith of every ſuch place in its 
8 The like may be ſhewn on the ſouthern fide of the 


equator, 


\ pRoP, XXI. The ſun i is vertical once every year at the eros which 
lie in the tropics. 
or the fan's decimation is then 234 c equal the Ina ofthe pic 


PROP. XXIII. At the polar circles, the TE day, and the long | 
night, is 24 hours. - 51 
When the ſun is in the tropic of Cancer, the complement of its declination towards the 
elevated pole is 663 degrees, equal to the latitude of the arctic polar circle: on this day, 
therefore, (by Prop. XX.) the ſun will not ſet. When the ſun is in the tropic of Capricorn, 


the complement of its declination towards the depreſſed pole will be 664 degrees, equal to 
the latitude of the arctic pole; whence the ſun will not riſe TING ps Fun 


may be ſhewn with reſpect to the antarctic circle. 


PROP. XXIV. Tue longeſt day, and the jonget eight; are each of 
them more than 24 hours within the frigid zone. 


no At entebet etl ˙ͤĩ¼dÜOvw „ 
' latitude of che place, the fun will not ſet ; while the complement of declination towards the 
depreſſed pole is leſs than the latitude of the place, it will not riſe: but this muſt be the 


2 vides Hed cam; jo fig pat WAS Rr conſe 
PROP. XV. | The fon is weve vere o en lace in thr of 
beleben hi ey eto of 


| the fun. 


CHAP, 11, %, THE EARTH. | 
PROP. XXVI. The longeſt-day, and the longelh night, in any part 


of the temperate zones, are leſs than 24 hours; and the days and nights 


will be longer, the nearer the place is to the polar circles. 
For the complement of the ſun's declination can neyer be les than, or pe to, the 


latitude of any place in the temperate zones; whence the ſun will riſe and ſet every day 5 


within theſe zones. But the farther any place is removed from the equator, the nearer the 


| latitude approaches to an equality with the complement of the up: 8 DS . | 


when the day 14,34 wt that is, at the polar circles. | 3 


; * PROP. XXVII. At different places, che hour of the day aten 15 | 
proportion . to. the difference of longitude ; „ degrees of longitude 


1 making the difference of one hour in time; 15/, one minute of time. 
15%, one ſecond of time: and it is ſeen at any given place ſooner than at 


places which lie to the weſt of it, and 10 . at Ras which Io to 


the eaſt of it. 


Tue ſun in its daily apparent | widen; which e e bd arrive . 


meridian of any given place, as London, ſooner than it will arrive at the meridian of any 15 


place which lies to the weſt of London, me than at the meridian of any place to the 
eaſt of London: that is, ſince it is noon at any place when the ſun is in its rn, it 


will be noon at London foaner than at places weſt, and later than at places eaſt, of it. 
For example, if any place lies 15 degrees eaſt of London, that is, has 3 


longitude from London taken as the firſt meridian, the ſun will be one hour ſooner at its 


meridian than at the meridian of London ; for, fince the ſun every day appears to make a 


complete revolution from any meridian to the ſame, in 44 haurz, it will in every hour 
deſcribe a 24th part of the cirele, that is, 157. And ſinee a minute of a. circle. is a both 


part of a degree, and a ſecond of 2 circle a Goth part of à minute, and 150. the both part f 


15% and 15“ the both part of 15', the ſun will move at the rate of 15' in every both part 


of an hour, and 15” in every Goth part of a minute, that is, in every minute or ſecond of 


time. Conſequently, it will be noan OO AW Rd er. is 
15 or 15” ht of e ee 1 % 


£ et A 
sn A411 OE, P37; FLEE AE 7 45 


© PROP. xxvIII. The difference &f Water at two plates may be 
found by obſerving, at the ſame time 0 Man SI: 8 


neous appearance in the hea ves. 7 


If the eclipſe of. Jupiter's innermoſt ſatellite, on 8 ers of its 1 aw the 
p thadow of Jupiter, be obſerved by two perſons at different places, it will be ſeen by both at 


7 Yom — 4 ? 
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the fame inſtant · But if this-iriſtant be half an hour, for-example, ſoonet at one place than 
at the other, becauſe the places differ half an hour in their eee * r * differ- 


ence of longitude (by Prop. 3 5 300%. 1 ; 
eee 274 1, If it. alli 


School. From tables of eclipſes correct calculated for any place, the 3 of any 
he may be found by one obſerver. But 1 obſervations can only | be made with certainty 
by land, on account of the motion of a ſhip at ſea. In order to determine accurately the 


longitude at ſea, it is neceſſary to have a clock which ſhall not be ſenſibly affected by differ- 5 
ence of climate, difference of gravity at different places, or the motion of the ſhip. Such a 
| Clock ſet for the meridian of London would conſtantly ſhew the hour of the day at London, 
which it is eaſy to compare with meu or; in r * woe. * Sip. 555 ound oY, obſerva- 


36481 


tions on the fun or ftars, 


PROP. XXIX. Tboſe wha: line i in eee fernicinles 1 che ane . 
meridian, but in the ſame circle of ae men aol hours mga the 


day, but the ſame ſeaſons. l bs 


Being both on the fame Ede of the e e e Grabs bt Aibie: wh | 
ſun's declination makes it ſummer. or winter in one of the places, it will be the ſame at the 
other: but becauſe they are diſtant from each 180 degrees of longitude, when. mh 
oh eee eee nee, t in l er ey 


PROP. XXX. Thoſe es Jaw in ee 1 85 of belies ents in 


the fame ſemicircle of the meridian; "Have: Nn ite ſeaſons yoo the year, 


put the e the Foy: . ets: 4 
- When'the ſun nd tmndr9ae it wil be bla wands 


live in the northern cifcle of latitude, and winter to thoſe who live in the ſouthern circle of 


latitude. e Se nan VVV _ 


. PROP: — -Thofe'x who- Ne k errente circles of latitude MY 
oppoſite ſemicircles of the meridian, have both al ſeaſons of the 
year, and oppoſite hours of the day... | | 
Becauſe they are in oppoſite latitudes, W ADE WRAY 1 Wet 1 
2222 — they will nee is midnight at the 


r FS 


4 * 8 8 7 7 „ 8 2 4 * - N £2 x 4 ; el * * £ a : C 1 © . 1 * 85 
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Dey. XXXVIIL - Twelve ſacondaries//io the; Pei e being 
conceived to be drawn at equal diſtances from each other, that i is, dividing 


the equator into 24 equal parts, and the meridian of. any place being 
made. one of theſe: atone je they are ane anime of that Pee. 5 
5 Compare Prop. een At Hons: oy 1/ 118157 $2516 pom # © Hin ta Ft tas Pas Fl 


+74 Siet *541 ein (r $82: 


: 


PROP, XXXII. If the Caleta tte had an opake axis, tle made 1 
of the axis would always be oppoſite to the ſun; and when the ſun was 


on one fide of any hour circle, the ſhadow; of the axis e . en 
the oppoſite ſide of the ſame hour- circle. git e aud - 


For all the hour-circles being ſecondaries to. the equator, paſs a the poles, and he 
celeſtial axis is in the plane of every hour-circle, And the ſhadow of any opake, body, ; 
being oppoſite to the ſun, is in the ſame plane with the ſun. Therefore in Whatever hour. 
circle the ſun is, the ſhadow of the ſuppoſed opake axis would be in the plane of that cirele. | 8 
and oppoſite to che ſun, that is, while the ſun is in one ſemicircle of 9 en * n 
ſhadow of the axis would fall upon the oppoſite ſemicircle. Torre” or en 


Con. Hence as the fn performs ins apparent cast from cn c wel the e 
Amme #01. i eh ee ee 


Schor. The gnomon of a ſun-dial rep repre reſents tt ester, ab ei 


En 24% 27 
is a meaſure of time. 6 


v - I" 
75 wo ; 3.5: Fs \ #3 > 


To conſtruct a an | HORIZONTAL Diar. 1 


1 IE ; . 


| the every ſun-djal the gnomon, when fixed, is oarallel to rh earth's Alis, | Now 

| wha the ſun is in the meridian of any place, the 12 o'clock hour-circle | is perpendi- 

cular to the plane of the horizon, and the arc from the pole to this plane is equal”t 8 
latitude of the place; and the one O clock hour-circle makes an angle at the pole With it o 
15% and forms the hypothenuſe of a right-angled triangle to the above perpendicular, 8 
the baſe is the arc meaſuring the angle between 12 and 1 O clock; therefore we have, by 
Spherical Trigonometry, Rad : Sin. L.:; tan. 155; tan. of the hour- angle between 12 and 

1 o'clock.” If inſtead of 15, we ſubſtitute 307 455 &c. we get the angles between . d 

2, 3, &c. o'clock ; the ſame may be done for the half hours or other diviſions, , 


Note. The rational and ſenſible horizons are, in this caſe, ſuppoſed coincident, . Dos 
«n account of (hat ER neee eee und . 
at . A = 88 = 
515 4 3 "4 ; "& Se, . * . "I 4 * «F 17 . * 1 1 5 2 1 — 44 # © "i £ : 4 4 Ap w {4 OT, of? * 4 N24 = 
PESTS co EL big 3500 39: Po RR et e , 0 NG TIES. 
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Plate 9. 
Fig. 8. 


- 


Plate . 
Fig. 8. 


or A#CRONOMY, Bock v. PART 1. 


To oonſtruct a VERTICAL Soura-Drar. 


In doing this we muſt conceive a plane paſſing through the center of 5 earth perpen- 
dicular both to the horizon and meridian ; and on the fouth fide, lines muſt be drawn from 
the center to the points where the hour-circles cut that plane. In finding theſe points, we 
fay, as Rad: co. s. Lat :: tan. 15* : tan. of the hour angle between 12 and 10'clock. . For 5 
the arc of the meridian, from the pole to the plane, is equal to the complement of 
latitude. The other hour angles, &c. muſt be obtained 1 N in the laſt. 

On the the ſubject of Dialing, os Ferguſon S LeQtures, | 


PROP. XXXII. The orbit in which the cart revolves about whe 


ſun, is elliptical. : 

Le" ix Gen dee eee, thit Wie" apparent Modes f the km, that h, the real 
motion of the earth, in the ecliptic, is not uniform. But by the univerfal law of bodies 
revolving about a center, if its orbit were circular, its velocity muſt be uniform ; ſince 
{Book II. Prop. LXXII.) it muſt defcribe equal areas in equal times. Whereas if its 
orbit be an ellipſe, and the fun be placed in one of the foci, the fame law will require 
(ſee Book II. Prop. LXVIII.) that its velocity ſhould not be uniform, but that in paſſing 
through its greateſt*diftance C, to its leaſt diſtance A, it ſhould be accelerated, and in 
paſting from the leaft diſtance A to the greateſt C, it ſhould be retarded. Since then the 
„„ nt ae nn WON; otra, tp ions pars, Of its oedee, it 
is manifeſt, that its orbit is elliptical, EIS . 


Dey. XXXIX. The greateſt diſtance of the earth gr any other planet, 
from the ſun, is called its Apbelion; its neareſt diſtance, its Peribelion; 
the longer axis of the ellipſe is called the Linea Apfidum, the > 270 
is alſo called the Summa Ap/is, and perihelion t the Ima Apes. 


Der. XL. The Excentricity of the earth, or any planet, is the diſtance 
between the ſun and the center of the ES orbit. 


. 


"PROP. XXXIV. - The dun is eight days longer 2 performing its 
. apparent courſe through the fix northern Agne, than through the fx 
ſouthern ſigns. | | 4 


Let ABCD be the orbit of the {ks 8 1 W © EFGH the * While os 
earth moves in its orbit from B through C to D, the ſun appears to move in the ecliptic 


from F through G to H, CP TO ry ors pets and while the earth paſſes 
from 


ena. 1m. OF RE EARTH. 


from D through A to B, the ſun appears. to. moye from H, to. Foghrough the ſix ſouthern. | 


ſigns. Now the line HF biſects the circle EFGH, but divides. the ellipſe . ABCD unequally, 
And, While the ſun appears to paſs, through. the northern ſigns, the earth paſſes through 
more than half of its orbit; and while the ſun appears to > pals, through the ſouthern ſigns, 
the earth paſles through leſs than half of. its orbit. Therefore, if the, velogity. of the mo- 
tion of the earth were uniform, the 1.6 muſt appear to be longer in paſfing through the fix. 
thern than the ſix ſouthern ſigns. But whilſt the earth is, paſſing; through the greater 
part of its orbit BCD, it is farther: from the ſun, and conſequently mores, flower than in 


the lefler part DAB. On both cheſe accounts, the ſun's apparent motion is flower in the 


e aht W is Hake * obſervation » W Sixties 
m_ | | Live vil berth = 


* , , 7 : 
«<7 £73:2- If? 11 4 2 "Faſt 486; 


' PROP. | XXXV. The apparent diameter of the ſun 1s- EET: in 15 


winter t than, ſun | 3 
11 = 29 WAYS 34 2 os won TER en che Eb 9 


- 


badt : is COR . that ee of the ſun in winter is 32 minutes, 47 
ſeconds; in ſummer, 31. 40 And his CC , is 327 whing: 2am 


M Newton, in W 48 the Moon. + $0 enn E215 71 12 £7 1 * 511 > 
$13, va J8tit- Tas $5501 8 3 2 
an. Henoe ix appears, thr the Sd 2 eee is 
es ö 
Senor. 1. The 1 between ſummer and winter in che degrees of heat, ib ing | 


oe to the different heights to which! the ſun" riſes*ab6ve the horizon, and the different 


lengths of the days. When the ſun riſes higheſt, in ſummer,” its rays fall leſs obliquely, 

and conſequently, more of them fall on the earth's ſurface than in winter; and when the 

days are long, and the nights ſhort, een ay th than they 

are cooled ia the night, and the reverſe. Lats tal} © St 1 l: S 4b Rot; . 

S cnot. 2. The doctrine of ele having been explained in the preceding propo- 
acer ſome of the more ae eee eee men | 

Globes are OO” een eig kn | vin 20215 


1 K n 505 5 N 3% *£4 2 24 Fs T7 Wakes 


3 Paton 3: Ee rd the nee of en lee Bling the . to ee 0 8 


the fixed braſs meridian ; the degree” under which it is found, is its latitude. All places 
under the ſawe degree are in the fame latiade. EE ee, PRs 


e a a | d 
Prom. II. * e ee aaa A ee 

the diſtance of this meridian from the firſt meridian, meaſured on the equator, is the longi- 

dude od \he Placa. Pbe longirade of Boſtos in hier, England is ger 5 ge, org ben. 
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Prop. III. | To rediify either glibe to the latitude of any place, the uenith, and the ſun's 
place. If the place be in the northern hemiſphere, raiſe the north pole above the horizon; 
bat if the place be in the ſouthern hemiſptiere; raiſe the ſouth pole. Then move the meri- 
dian up and down in the notches, till the degree of the place's latitude, counted upon the 


| meridian, below the pole, e e pee . eee pg A ew is Noe ee rh latitude 


of the place. ; „ 30 et? 
Having elevated the globe according to the latitude of the place, count the fame number 
of degrees upon the meridian, from the equator towards the elevated pole, and that point 
will be the zenith or vertex of the place. To this point of the meridian ſcrew the quadrant 
r e. 
rectified for the zenith. | MU, 
Bring the ſun's place in the eciptc-t0 the meridian, and {et the hour-indx to 12 at 
hoon; and then the globe will be reQified for the ſun's place. & 4: 219 


Pros. IV. To determine the difference of time in different places. Find the 2 of. 
each place, and reduce the difference into time, allowing an hour for every 15 degrees, and 
proportionally for leſſer parts; the difference of time will be found: if the place lies weſt- 
ward of another, it has its noon later than that other; if eaſtward, ſooner. The longitude 
of Rome is 12 4 eaſt, that of Conſtantinople 299, the difference is 47 f N the 
difference of time between Rome and Conſtantinople is 1 hour 10 minutes. mo 


. 


Pros. V. - The latitude and longitude. of any place being um o find. .the 3 on. As | 


| Tlobe. Bring the degree of the equator which expreſſes the given longitude to the fixed 


hn then find the given. latitude on the meridian ; under this point is the ** ſought. 


Pros, VI. 7 fond ihe after, 3 any two Places, and hae bearing, „ Fdlative © 
fituation with reſpett to the points of the compaſs. Regiify the globe to the latitude of one 
of the places, and bring chat place to the fixed meridian : then fix the quadrant of altitude 


to the uppermoſt point of the meridian, and putting its lower end between: the horizon and 


he globe, ſlide it along, till ĩt paſſes through the othet place: the number of degrees on the 


quadrant between the two places, will give their diſtance, allowing 694 Engliſh miles for 
degree; and the number of degrees upon the horizon between the meridian and the 
will give the: benring of the ſecond, place with: reſpect to the bk Nn 

e the Lnat yon from the; iland of Bermudas is nearly E,N.E. | 3 


; Pros. VII. To fond the right aſcenſion and. declination of the fans. or any "TP on the 
celeſtial globe find the day of the month under the ecliptic, againſt which is the ſun's place, 
of find his place by an ephemeris; bring that point under the meridian, and the degree which 
is over the point is the ſun's declination, and the degree of the equator then under the 
meridian will be the ſun's right aſcenſion. A ſtar's declination and right aicenſion are found, 

by WR the ſtar Ore en n!; ] ,. | 
"oP 


north- weſt, and 47. high, is Th n Cc —_— 5. d. and, ag _ xlorth, year 
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The lune declination, April 19, is 117, 14“. north, and ix right ee #72; wr. 
_ ne * moun nen, 16. e ac 2 | 


1 $7 J< A. 


odio VIII. 6 To > find ak Mom ach muri nears; als Proc 7 3 Haring | 
found the latitude of the place on the terreſtrial globe, all thoſe ſtars on the celeſtial globe, 
which —__ _ as 22 855 e a rags the a with the WO latitude, eee. vertical ; 0 


at that 9 n ö ; | 
” ” , * 8 by 4 6% * - | * 1. 4 J a as L 7 
4 «A 


* IX. 75 find what flars never Pile nor "never ſe, in any given place. The globe 
being rectified for the given place, thoſe ſtars which do n not pals under the wooden horizon, | 2 


never iz; thoſe Which do. not come above i ub . cook Nav 5 . 

' Pro, x. TD 0 Dm the appearance of the heavens ud a Hime.” h the 1052 8 to 
the latitude ;- bring the ſun's place in the ecliptic to the meridian, and ſet the horary index © 
to the upper 42th hour: zhen turn the globe till the index points t to the given hour. + q © Bo 
north pole of the globe mult be ſet to the north i in the heavens, then will all the ſtars upon . 
the globe correſpond. to their places in the heavens, fo that an eye att e center of the globe 2 | 
would refer every ſtar upon its ſurface, to the place of the ftars | in the heavens.” "By = 5 
paring, therefore, the ſtars in the heavens with their places on the globe, a perſon will „„ | 


eee ich all the ſtars. 3 ; | 
N en irt R OG N * FOX A 11 —— 


* 


. na , a8 let e9 a a ay, at nile Gex I 
in the evening, is ag follows : Sirius, or the « -ftar, en the meridian, 4 aue 228 . „ 
Procyon, the little dog - tar, 16. towards the e , its altitude 43-: x "about 24*; above this 
laſt, and a. little more towa ards the caſt, are Caffor and 9 S. 655 E. And 350, in height, 5 
is Regulus, Sr Car Leonis; exactly in the caſt. and 229, high, is Deneb in the Lion's-tail : 6 
309. from the eaſt towards the north, Arcturus | is about 35 ve the horizon : directly bver "+ 4 3 
Arcturus, and 315. above the horizon, is Cor Caroli: in ide north-calt "are the fats in the ge ISL 
extremity. of the Great Bear tail. 1 ff. 
.. Reckoning weſtward, we Tee the conſtellation { ion} the | Gals lar * 6g EN LETS 2 
belt is 8. a0 . W. Aar altitude 3555 nine Ten below ber bel, 2 2 little more co the 47:0 4g 


between; the, middle 155 molt 1 "9 his belt, 220 gf eye ity 1 beth ſtar in 22 


ſhoulder; S. 49˙, W. and 454 1 ahoye che eiter is det f. 7 the foilthetti eye of the 
Bull; a little He Bb welt of, Aldebaran, are are, the H : 45 the fam ie Alttude, n 
70%. W. are the Pleiades: in the W. by G. is Capella a n aldtude 7. in tue 


'.. 


73 CLOS Th 


h is 201 
the oxizon i the o - ſtellat, N Cyg W ar 16" 1 wad) x 11456 . 1 Kern! . 


1 G31 Kii 142 kk 91820 38 1 0 8 EEE 24s 8 
Pros, XI, The latitude of « pl ee e Ae n nF; 

n * day, at that place. Having redtifie t ie, * „„ 
K k 2 | 3 
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pls eee die endet edge of the meridian, and ſet the horary index ; 
to the upper 12. Then turn the globe to bring the ſun's place to the eaſtern part of the 
horizon, the index will point to the hour at which the ſun riſes ; on the weſtern ſide, to the 


time of its ſetting. On the 5th of June, the ſun riſes at 3'b. 40 min. and ſets at & h. 20min. 


Te un er the ib. ha 7 been ee eee bo et tl e u 
* e 

Pros. XII. To find all . places ths globe to which the fun will eee ; 
day. Bring the ſun's place to the fixed meridian, and obſerve the point of the ſun's decli- 
nation ; all the places which, in turning the globe round, pw pong A 7 046, have the 
ſun vertical on the given day. 

When the ſun's declination is qual tothe bis of ay place) thn the un will | 
vertical to the inhabitants of that place. | | 


ED. 


Pros, XIII. To find the ſun's amplitude. The globe deing reftified for the latitude of 
the place, bring the ſun's place to the eaſtern ſide of the horizon; the arc of the horizon 
intercepted between that point and the eaſtern point, is the ſun's amplitude at riſing. Thus 
on the 24th of May, the ſun's amplitude at riſing i is 30. caſt, euer tm. =_ weſtern 
exiplicade — The amplitude increaies with the latitude of the place. 


Pros. XIV. To find the ſun's meridian altitude. The globe being rectiſied hob the 
latitude, zenith, and ſun's , the number of degrees contained between the ſun's place and 
the zenith, is the diſtance of t 'fun from the vertex at noon; the complement of which to 
90 degrees, is the ſun's altitude. The meridian altitude of the ſun on the 17th of May, at 
London, is 57. 55 — The akituds being given, bring the quadrant of altitüde to meet 
the ſun's place, and the interſection of the quadrant and horizon will ſhew the azimuth, 
Thus, on the 21ſt of Auguſt, at 1 when the ſun's altitude is We in'the forenoon, 


the 04 | i 60*. from, the ſouth.” ib ant bf AY 17 la. gt 


& # 


S163 EK #1 cr. 007 SHIT enn 


Aa! 4 * 
Pos. XV. I. find the place f any Rn body upon 1 the globe, its Ae gay latt 1 5 


| being given. Place the firſt degree of the quadrant of altitude, upon that degree of the 


ecliptic which expreſſes the given longitude, : andthe goth degree on the pole of che ecliptic; 
the point of the globe. which j is under that degree of the quadrant which expreſſes the given 
latitude, is the place of the : body : for the quadrant repreſents A ſecondary of the ecliptic, afl 
arc of which between the body and the. ecliptic is its latitude, and ths Ego ere, ar | 


as M6 : trbh 
pe ar any ef e's WO: | fe" ws 1 


1 5 wr | 


Pros. XVI. Th find "he place of any beavenly body upon the 1 its i fed a 
declinatimi bring given. Bring that point of the equator which expreſſes the given right 
f TT TA ns 6 9 
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Pros. XVII. To find all thoſe places where it is noon, ee e ee 
given place. Bring the given place to the braſs meridian, and ſet the index to the uppermoſt 


123 then turn the globe till the index points to the given hour, and it will be noon to all 
the places under the meridian. When it is 4 h. 50 min. in the aſternoon at Paris, it is noon 
at New Britain, St. Domingo, Terra Firma, Peru, Chili, and Terra del Fuego. As the 
diurnal motion of the earth is from 10g to eaft, it is plain that all places which are to the 


eaſt of any meridian, muſt neceſſarily wy als ſun before a meridian Nee 06 et 


welt can arfive atit. X 1 8. 


4 * 
4 8 * 7 - E © 
FL TED. 11 


1 XVIIL The Riker ink n at any e to tell die dens bs ee 


part ee Bring che place where the time is given, under the meridian; ſet the 
hour index to the given time, and turn the globe till the other place comes under the me- 


ridian, and the horary index will point to the hour required. Thus, when it is nine in the ; 


morning at London, it is half paſt four in the afternoon at Canton, in China ; when it 


ings Le Arey EO, OI eee NYE 


N 


-+; 4 1 i 4 as . \} 3” $44 $77.2 Fs 1 3. IT? 118 


; Wada XIX. Tv fond 83 al 8 . 1 3 Bring 
the given place to the meridian, then, in the oppoſite hemiſphere, and in the ſame degree 


of latitude with the given place will be the antæci. The given place remaining under the 


meridian, ſet the index to 1a, and turn the globe till the other 1a is under the index; then 
the periœci will be under the ſame degree of latitude with the given place, and the antipodes 


rennen 


1 "In 4 A {A : Fi 5 7 
e hrs, enge 9648 e eee e ee ld wot ee 303 Ha; Y 
> 6 5 Be Oy Nin * . FEY | I > Abg. Ir 14 2 1 ffs 7 9g 35.6 1 E. + 
7 4 4 . {is £27 £% wb £ 4 # * 25 S 


. XX. To fnd * e e the ſun is in ee PRs | 


the tropics. That parallel of declination which paſſes through the given place, will cut the 


ecliptic line upon the globe in two points, which denote the ſun's place; 3. ASA againſt _ "og ; 


the horizo n, will be found the n e vertical at 


iii 


e e ee 


| and Auguſt 118 | | : | | 
» , PS be 2s ov 6.3 os. ; 4 . 1 2 IF WK 0b W 18 8 


-| PRoB, XXI. ? ai nn wee, | | 
| ſettings culminating; and alfe where, it is day-light, twilight, or dark-night.... Find the place 


| where:the ſun is vertical at the given hour, rectify for-the, latitude, of that place, and bring 
it to the meridian. Then all the places that are in the weft ſemicircle of the horizon, have 
the ſun riſing; thoſe in the ef! ſemicircle, have it /etting ; thoſe under the meridian above 


the horizon, have it culminating; and all places above the-horizon, have the ſun fo many - | 


degrees above the horizon as the places themſelves are. Thoſe places that. are below the 
horizon, but within 189, of it, have lets thoſe wor 189, have Ts 


to under the meridian, i it is mid 
? p thok ache. 7 64% 44 . 1 - *. 155 ; I $25 = bY 28 g *; 3 3 ＋ 


we 0 . . 3 2 F * „ 
UF 1 * ” f : . 0 ProB. 
BY N = . oy IM WIA f F 
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Pros. XXII. To find the place of the moon, or any planet, for any given time. Tike | 


the nautical almanac, or White's Ephemeris, and againſt the given day of the month, will 
be found the degree and minute of the ſign which the moon or planet poſſeſſes at noon. The 


degree thus found, and marked in the ecliptic on the globe, you may proceed to find the 
declination, right WO, __ eee altitude, een e er 
ung, &c. | 


Pros. XXIII. To find the planets which are 4 the 8 at . ages any given 
day and latitude. Find the ſun's place for the given day, bring it to the meridian, ſet the 
index hour to 12, and elevate the pole for the given latitude, then bring the ſun's place to 
the weſtern ſemicircle of the horizon, and obſerve what ſigns are in that part of the ecliptic 
above the horizon, then look to the ephemeris 'for the day, ee Rode webs 
pans bn th 4% Pee ee ee <li 


Panos. XXIV. | To fud whother Jos ar to Rely rho | 
for the latitude and ſun's place; find the ſituat ion of Venus by an ephemeris, and ſtick chere 
a ſmall black patch ; bring the ſun's place to the edge of the eaſtern horizon. If Venus be 
dil he's, for nee, in Taurus when the ſun is in 1 an vil be a 


"Bug if us be in cſi, that i Gr cramps, in Gemini when th nj 
rene, 114,64; b ee eee e 2 24 00: e als 39 ib 
Pres- XXV. 15 find allthe plares aoibab amet o . vide at, Aer on 
Find the place to jrhich che fan is vertical at the given time, and bring that place to the ; 
zenith, and the eclipſe will be wine nal the eee ee e "i becauſe the 


moon is oppoſite to the ſun. Vt. t Y WE e 4A N "EF; ava] 


© Scnor. 1 5 Since lunar eclifles 3 in 2 for A conſiderable time 146 ber, 
they may be ſeen in more places than in one hemiſphere of the earth; for, by the 255 


rotation about its axis during the time of the rrp the moon Will riſe to NT RE 


after its commencement. 


Scholl. 2. "We cannot by a globe . aiſolar al} is 
viſible; becauſe that eclipſe does not happen to the whole hemiſphere next the ſun, nor does 
$44 ee eh durant, Nee Where it is e er are "therefore 


* 4 2 * 2 e uf "4, x 
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g ee. SECT. III. 
/ Twuaagr,- 3 EE FEST MT 2 10 5 5 | ; 


PROP. XXXVI. The atmoſ phere above the hea) is 1 
by the rays of the ſun, when the ſun itſelf is below the horizon. , 


Let ADL be the ſurface of the earth; CBM, the ſurface of the atmoſphere; A place Plate 9. 
upon the earth; PABN, the ſenſible horizon. When the ſun is at G, any point below the *'* Fm 
horizon, jt cannot he directly ſeen by a ſpectator at A. But, becauſe mays from the fun at G | 
can paſs to the part of the atmoſphere above the ſenſible horizon of the place A, this part of 
the atmoſphere will be illuminated before the ſun riſes, or after” ir br, 20d will become ns” 
OO TEEN that is, twilight will be produced. . FVV 
n. „ te appr cron ef the e; dag Wor | 2 


PROP. XXXvn. Went W's evening tente ade or ig jib; 
- {ebe begins, a ray of the ſun reflected from the bigheſt part of the 
atmoſphere deſcribes, aſe. ale. A ; has which, is * e A. 150 i 
ſenſible horizon. © l 5 


Ale e Lp : 
CEE till at laſt it touches the meta ab r „ 2 


* PROP. XXXVILL . When * evening gs pin Be or 8 
twilight begins, a line drawn from the 1 to e . 
is a tangent to the ſurface of the earth. | | 


From E, the common center of the earch and acmoſpbere, dra Rraght Jing to By ghe Pie 3. FLEE wer 
point in the top of the atmoſphere, from which (by laſt Prop.) the ſun's ray is refleted to a 
when the evening twilight ends, or the morning twilight begins. Becauſe this line EB is . 
perpendicular 20 the refleting ſurface of the atmoſphere,” ABE is che angle of relle ton. 
And AB, the reflected ray, being in the plane of the ſenſible horizon, deſcribes a tungenit 
to the ſurface of the earth. At the ſame time, the ſun muſt be at ſome point 8, ſuch that 

che incident ray 8B ſhall make the angle of incidence” SBE, equal to ABE the angle of © 
|  refledtion, Dm Eg RE. ah 
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the angle DEB equal to the angle AEB. Hence (El. I. 26, ) the fide ED is equal to the 
ſide AE, that is, ED is a ſeinidiameter of the earth; alſo, the angle EDB is equel to the 
angle EAB, or is a right angle: whence (El. III. 16. Cor.) SB is a tangent to the circle ; 
that is, when the reflected ray deſcribes a line in the plane of the ſenſible horizon, the line 


deſcribed by the incident ray falling upon the er of the nnn, is a tangent to the ſur- 


face of the earth. 


PROP. XXXIX. If the 1 time 80 the . of es morning, or 


5 end of the evening wine, is e the ene of Be atmoſphere 


1455 may be determined. | baer 


It is found, that at the beginning of the "FRYE or -'thi . of BY evening wt 


whe ſun is 36, degrees below the horizon. If; therefore, S is the place of the ſun at that 


time, and ABN the horizon, the angle SBN is 18”, But at that time (by Prop. XXX VIII.) 
if B is the top of the atmoſphere, the incident ray SB, and the reflected ray BA, touch 
the earth at D and A. And, becauſe (El. III. 18.) in the ,quadrilateral figure ABDE, 
the angles ABD, AED, are together equal to the two right angles, or ABD is the ſupple- 
ment to two right angles of AED, and that ABD is alſo (El. I. 13.) the ſupplement to 
two right angles of SBN, AED, the angle contained. by the ſemi-diameters AE, DE, is 

"equal to SBN, the angle of the ſun's depreſſion : whence AED, at the time ſuppoſed, is an 
an angle of 18+, But on account of the "refraction of the ſun's rays' in coming into the 


-atmoſphere, his apparent place is; at the ſuppoſed time, 300 higher than its true place. 


Allowance muſt therefore be made for this refraction in meaſuring the angle SBN, made hy 


_ SB the line of direction in which the wolf be eee eee | 
of the ſenſible horizon. \ Conſequently, the angſe SBN, and its equal AED, 1 175 * 


ok: and its half AEB is 8. 457 


Now, in the triangle AEB, HB, the height of the atmoſphere, i is the difference between 
HE the radius, and BE the ſecant. Therefore as HE is to HB, the difference between the 
radios and ſecant of an angle of 8“. 48“ ſo is the number of miles in HE, a ſemi. diameter 


ee eee HB, the height of the atmoſphere. That is as 


(Radius) 10.0000 : (Sec.) 8e. 45. :: 3970 (Sem. Dia. of the earth) : EB; or by log. 
10.00000 : 10. 1 13 59879 : 3: ES = Hawn miles jc 21 = on — 
3970 = — . miles. 4 | | | 


. -, 
„% ĩ³ð - 


1 eee is the hers rays. in fach 2 manner, as to bring, bin 
eee i bre day; beſore he riſes in the horizon, and to keep him in view for 
ſome minutes, after he is really ſet below it. eee of this anhntion. ls chant, x 
min es every day at a mean rate. 

From the fame cauſe, the denrealy bogies appear higher than they really pt that. 60 


bring the appr unte , WY: of refraction muſt be ſubtracted. 
; . . «+ Uh 


ug . 


— 


CHAP, 11. OF THE EXR EE | 237 
The higher they riſe the leſs are the rays refracted, and when the heavenly. bodies are in the 
zenith, they ſuffer no refraction, according to the principles of optics already demonſtrated. 
Tables of refractions have been calculated by various aſtronomers, as Sir d. Newton; Mr. 
Thomas Simpſon, Dr. Bradley, Mr. Mayer, &c. The following ſpecimen” is taken from 
Dr. Bradley's table, which is eſteemed the moſt correct, and chiefly uſed by aſtronomers. 
For the method of calculating theſe tables, ſee Mr. eee, gen ee . 
2 . re def 22 nnn | | 4 


_ : Mean Aſtronomical Refractions in Altitude. 
ä App. : App-| “ 
Refraftion, I Alt, | RefraQion. || Alt. | Refraction. 
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83 2. Dr. Keil, f in \ his K Fa 3 „ n 
to the atmoſphere that the heavens appear bright in the day time. For without. it, only. 
that part of the heavens would be luminous in which the ſun is placed: and n 
live without air, and ſhould turn our backs to the ſun, the whole heavens would appear as 
dark as in the night. In this caſe alſo we ſhould have no twilight, but a ſudden! — _ 
from the brighteſt ſun-ſhine to dark night immediately upon the ſetting of, the ſun, which | 
would be extremely ny ror 3 not 1 to 7 ens _ 1 See ar Aſtron. | 
Lok. ws > ts LET n 


71 + Tos ie * N 3 +6.t- S ver 
"PROP. AL. The wh beer ui plain Wy tat ortet 
in a right ſphere: and in an oblique ſphere, the nearer * ſphere t * 
proaches. to parallel, the longer is the twiliggg e. 
In 2 parillel ſphere, the twilight will continue till che fun's declination e 1 


preſſed pole is 18. 1 es pee 


— 
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the twilight will only ceaſe, whilſt the ſun's declination is increaſing from 180 8 F 
degrees, and decreaſing again till in its decreaſe it becomes 18. The twilight is here cauſed 
by the annual motion of the earth. In a right ſphere, the ſun appears to be carried, by 


the daily motion of the earth, in circles perpendicular to the horizon; whence. it is carried 


directly downwards by the whole daily motion, and will arrive at 189. below the horizon, 
the ſooneſt poſſible: whereas, in an oblique ſphere, its path is oblique to the plane of the 
horizon, and therefore will be longer before it is deſcended 18 degrees below the horizon: 
and the difference of the time of twilight will increaſe with the degree of obliquity. 
OTE Re wp guy tt Won pats 0? the une han thorn, the eight works 
eine en er 


. * 


SECT. IV. „„ ety BY 
We the Eqvarion of Tir. 


| PROP. $14: Th pe -i2 wits ths far ROOT one apparent 
3 revolution, is _ than that in am: the cnt: reyolves 


round its axis. q | 

II che earth rr in che direftien RCB, PR FP KP! 
rr "Cow ies e e il, 
aſter the diurnal revolution of the earth is completed, be ſeen advanced in its orbit towards 
EL Tue earth, therefore, muſt perform more than one revolution, and the ſpectator at R, 
D . wits 


| RR Or nancy. ; 5 lh 


- PROP. XLII. The aun 6 of the en de ee ane 
eauſe the daily increments of the ſun's right aſcenſion to be e | 


although the ſun's motion in the ecliptic were uniform. 


Let E be the firſt degree of Aries, EQ an arc of 90. of the equator, EC the fame of 
the ecliptic, and CQ an arc of the ſolſtitial colure, between Cancer: and the equator. At 
E the ſun has neither longitude nor right aſcenſian: theſe may therefore be conſidered as as 
cual, when the fun ſets out from Aries. At C, the longitude is equal to the right aſdenſion; 


or both EC and EQ are by ſuppoſition 90 degrees of great circles of the ſame ſphere. 


But if the ſup be any where between the firſt; of Aries and the firſt of Cancer, as at 8, the 
c dei 1 e ndary, 


nun n - QF) TUR EARTH. 


of the equator paſſing through the ſun, ES is the longitude; ER tho right aſeiſis | 


but ES is. greater than ER, becauſe the angle at R is a right angle, hut the angle at S an 


acute angle. Now, if the ſun be ſuppoſed to move uniformly in the ecliptic, or ta deſeribe 
equal arcs in equal times, the daily increments of longitude will be equaſ to one another: and 


conſequently, fince at the two extremes E and C the longitude and right aſcenſion · are equal, 
and the longitude is ſuppoſed to increaſe uniformly, if the right aſcenſion alſo inereaſed uni- 


formly, they would at all times be equal. But at 8, R, or any other points in the fame © 


ſecondary, between the firſt of Aries and Cancer, the longitude erer pen wh 
nen the daily increments of right aſcenſion are therefore unequal. 9 5 


+ 1 


The longitude and right aſcenſion are equal when the ſun is te beak ith: the, 


wine: the latter 180%. from Aries both on the ecliptic and equator.” But berween C gd 


E, the longitude. is les than the right aſcenſion ; becauſe ES, oppoſite to the right angle R. 
is greater than ER oppoſite to the acute angle 8, and conſequently the point 8 is nearer 
Aries than the point R. But, the fun being ſuppoſed to move uniformly, or to inereaſe its 
longitude equally every day, if the right aſcenſion. alſo. increaſed equally every day, ſince the 
longitude and right aſcenſion are equal at C and E, they would be always equal. But at'S, 
or any where between Cancer and Libra, the longitude is leſs than the right aſcenſion : con- 
| ſequently, the daily increments of right aſcenſion are not equal. In like manner it may be 
ſhewn, that in the third quarter the ſun's an is greater than its W c aſcenſion, mw 


f. rth, leſs, _ g | : 
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1 PROP. XIII. "if the: gl of the celine . with chat of 


che equator, the daily increments of _ nets e right/ aſcenſipt! would 
| nievertheleſs be unequal: ” 40> eee Box een 


iert 2 . „ ielg 0 


| Becauſe (by Prop. XXXIV.) the apparent annual motion of the fan is not uniform, it 
would in ſome days deſcribe a longer are than in others: that is, ſince its rigut Aenſwn And 


ang. rm nir - agg _— nn hor nk vagus r nenen een | 
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from the meridian of any place, till it comes round to the ſame mer id 


BOAR cence nt wheel 915 15 md e 21 te N 3fT, TIX. 324 : 
\" PROP. XIIV. Any place upon, the earths hips kts * 
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chan a circle round the earth's : axis in a natural day: 3 5 | 
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mmm . upon the earth's Surface: deſcribes 3 
circle: but (by Prop. XLIHI.) while the fun completes its apparent diurnal revolution, any 
place on the earth's ſurface will move through one circle and ethane Phong ; 
any fuch place deſcribes more than a'circle (Def, XLI.) in a natural dax. 

And fince both a meridian, and a ſecondary of the equator, paſſing through the dye 
perpendicular to the equator (Def. VI. and X.) if the fun at S be in SR the meridian of 
any given place, it is alſo in a ſecondary of the equator paſſing through that place. In like 
manner, if the ſun be at T, and TV be after a natural day the ſituation of the meridian 
of the given place, the ſun will be in TV, which will be both the meridian of the place, 
_ * anda ſecondary of the equator. | Whence, RV being part of the equator, fince ER was 
the ſun's'right aſcenſion when it was at 8, and EV is its right aſcenſion when it is arrived 
at T, RV muſt be the increment of the ſun's right aſcenſion for the natural day in which it 
is advanced from S to T. And, becauſe SR, TV, are both perpendicular to the equator, 
and any place, in one diurnal. revolution of the earth deſcribes a circle parallel to the equator, 
e nn 
e e e eee re eee 5 Rs 


— 


vor. XI. v. The natural days are not equal to one PRIOR 


7 0 performs one filial al to 
axis, and fuch a portion of a ſecond as is equal to the ſun's increment of right aſcenſion for 
that y; but the ſun's daily increments of right aſcenſion are unequal (by Prop. XLII. 
and LI); therefore the additional portion of the ſecond revolution will ſometimes be 
1 nme 


e eee 


2 CN a edna A ĩ ˙70ef?r + clock. 6 anpfens af cio 
the- former meaſuring the length of the natural day, the latter dividing time into equal 
portions, -of 12 hours each, the clock will be before the dial, when the natural day ig 
more than 24 hours, (the mean length of the natural day) and after it, when the natural 


eee nme only en INES 


Fs is „ * . ; 7 
15 . * - 2 5 +; a 8 . 11 


Dex. XLII. The Wicks: i is the difference between the mean 


of the natural day (or 24 hours) and the length of any, ſingle day 
meaſured by the ſun's motion, or between mean time, and apparent time. . 
Con. The hour of the day by apparent time being known, i in order to determing what 


A the Wes d in fie, the equation is to be added to the apparent time, when the day 


by the clock is ſhorter than the day by the fun-dial, that is; Wien mean ite 
3 apparent 


CHAP. II. : OF ThE E ART H. | MLS oo 


apparent time ; and the equation is to bo ſubtracted from the apparent time 33 
the clock is longer than the day by the ſun-dial, that is, when mean time fellows apparent 
time. If, for example, the natural day is 24 hours, 1 minute, the day by the clock being 
24 hours in length, it will be 12 by the clock, one minute before it is 12 by the dial, or 
mean time precedes apparent time one minute; therefore it will be 1 minute paſt 22 by the 
clock, when it is exactly 12 by the ſun; whence one minute, which is the equation, muſt 
be added to the apparent time, to giye the true mean time, that is, the clock muſt be ſet at 
1 minute paſt 12. r ES RT 
nm mene ns Daft l l 
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PROP. XI. VI. If the Lim Were to n ebene ee he er 
in the ſame time in which it appears to deſcribe the * its turn 
daily motion. would be a meaſure of mean time. 


Fot the natural days in that caſe being hoo pp ito mm fm te cn 
the ſun's ob, eh the irregularity of its metic 2 muſt be equal We 


* 
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PROP. XLVII. The portion of dite I a $2 ween the 
arrival of the ſun in the ecliptie to the meridian of any place, and its 
fu ppoſed arrival at the ſame meridian; if it were 2 move ee 


the equator, 1s the equation. vl e 3 10 71. * 4113-24; 8343" 
For (by the laſt Prop.) en Hoe gli iid tay abe. nn 


it moved uniformly in the equator, was atrived at the meridian of that place; and it is nom 


at the ſame place by apparent time, when the ſun in the ecliptic arrives at the ſame meri- 
dian: therefore the different yk A eee the: differencs berween. wean 
time and: ent time, ar the a 0 en © 268 rod ins: tft eit ly 


' PROP. XI VII. in che t tire which pater eke the fe of the 
ſun in the ecliptic to the meridian of any 2 and „rar. 
at the fame meridian, if it were to mo "unifornaly 1 in the equator: 


ac of the equatar paſſes under the meridian, which is. equal'to the SAY 
ference; between the right aſcenſion of the ſun,.as it moves in the ecliptic, 


and e e _ 3 have; ” man wee uniformby 
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to EQ, is an arc of that ſecondary, and (by Def. XXXII.) ER is the ſun's right aſcenſion, 
and the point R is the point in Which the right aſcenſion ends; which being in the ſecondary 
bf which SR is a part, chat is, the ſecondary paſſing through the ſun, arrives at the meri- 


dan at the ſame time with the ſun. If the ſun were to move uniformly in the equator, and 


were arrived at P, EP would be its right aſcenſion, and conſequently P would be the point 
in which its cee would end, Which point P muſt arrive at the meridian at the 
fame time with the ſun, becauſe the ſan is ſuppoſed to be in that point. Therefore RP, the 
diſtance of the two points R and P, is an arc of the equator, (paſſing under the meridian 
in the time ſpecified in the Propoſition) which is equal to the difference between the real 
and ſuppoſed right aſcenſions of the ſun, when he arrives at the meridian by his real motion 
in the ecliptic, and when the arrives at the ſame meridian by an uniform motion in the 
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PROP. XLIX. The right aſcenſion of the ſun, if it were to move 
uniformly in the equator, would at any time be equal to the longitude 
which it would have at that time if it were to move e in the 
ecliptic, or to its. mean longitude, arr eo 


/:iFbr5 un this ſuppokitiod,; the ſun, e wide 
fame time in; which it actually deſcribes. the ecliptic, its velocity would, he the ſame with 
the mean velocity in the ecliptic. Conſequently, the diſtance of the fun from the firſt 


Aries in the equator would at any time be the fame with its diſtance from the fame point i 


4 #1:4% 


OO en — — — — 


the ecliptic, if it were to move uniformly therein with its mean velocity: that e 
ee wage neg l wl b n. 0 


3 55 Fe $ + 


Ein achte % autfs# 1056 1936 een un 


eee ene of ds dees, esl 0 4 ee between 


the ſun's right aſcenſion and its middle lotigitude, at any e time and 
e n e ee ORE 
It has been-ſhewn (Prop, XL VIII.) that in che portion of time which paſles ben 


c the ſun in the ecligtic to, the meridian, of any. place, and its ſuppoſed arrival 
at the ſame 


meridian if it were to maye 5 in, the equator, an arc of the equator 
— under the meridian, which ne the Uifferetice of the right” aſcenſlon of a 
as it moves' in the echiptic, and t right ulceniom which it would have if it moved 


aliformlyin the equator.” And it has been proved, (Prop! XL VII.) chat chis portio of 


time is the equation, and (Prop. XLIX.) that the right aſcenſion which the ſun, ay any 


time and place, would bave if it moved uniformly in the equator, is equal to its mean 
in the ecliptic"! Thebefore, iti th equation, 2al arc 6f thei: cquatorr:paſies unter 


me — the dies 7 hott any nnn, 5 


#2 
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its mean longitude. Conſequently, if this are be converted Arsdbese den di l 1h 1 5 * 
degrees be taken an hour, for we i eee ON To ny | 5 
neee 2 e, Mtg n 1 


n 7 17 18 


PROP. LI. ff the-fur's mem bg „ 
aſcenſion, n time ' fo/lows e tins; ib 45 mean e Be 5 
leſs than its right aſcenſion, mean time precedes apparent. f n 


Ir the right aſcenſion of the Kun; er N before ſupppſed in ihe eee EP, la | 
Prop. XLIX. ) its m tude, be, greater than „ right aſcenſion ER, be 
ſuppoſed place of the ſun in che equator P, will be to. the caſt of the point R, where the | 
ſun's real right aſcenſion ends. ; Therefore when this point R, at apparent is come to 
the meridian, the point P will hor be aſrived 4 the nichidiun 4 ard wean will be later © 
than apparent noon. . There when the ſuti's middle longitude is. greater than its right - | 7 
aſcenſion, W . SOON lo like manner:the reyerle may be proved. | 

: Pe f 7 . 5 8 kb$ 5 

Cor. Heng nth former ad th eren 10th hob Gin the pane time 3 : 

found by the Gif, ad ip.the e OO oy . 4 


Scnor. Ie appears F | SN 
yer e upon two cauſes: (x) the,obliquity bf the ecli c with reſpet „ 
to the equator: and (2) the uncqual motion of thereafth in elliptical orbit. The obli- - - f 
quity of the ecliptic to the equator would make the ſun and eld agree on far days of the „ 
year, viz. when the ſun enters Aries, Cancer, Libra, and Capricorn. But the other cauſe _ ue; 
which ariſes from his unequal motion in his orbit would make the. ſun and c cks agree only NEE ng 
twice a year, ee A e e e conſequently, when theſe two 
points fall in the beginnings of Cancer'and Capricorn, or of Aries and Libra, they will. - 
concur in making the ſun and clocks agree in thoſe points. But the apogee, at preſent, is in 
the ninth degree of Cancer, and the perigee in the nintk degree” of Capticom; and, there- WE 
fore; the fun and-clocks cannot be equal at the beginnings of theſe ſigns,” ivr, indeed, at 5 
any time of the year, except when the ſwiftneſs and ſlowneſs of the equation reſulting from 1 
one of the cauſes, juſt balances the ſlowneſs or ſwiſtneſs ariſing from the other, Which 
happens about the 15th of April, the 15th of June, the 31ſt of Auguſt, and the 24th of 
December; at all other times the ſun is too faſt or too flow for equal time by a certain number 
of minutes and ſeconds, which at the greateſt is 16'. 14”. and happens about the firſt of 
November : every other day throughout the year having a certain quantity of this difference 
belonging to it, which, however, is not exactly the ſame every year, but only every fourth. 
K et Wii Weder en e 
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of this equation, viz. one for each of the four years in the period of leap years. The 
following conciſe table, adapted to the ſecond year after leap year, will always be found 
within about a minute of the truth, and therefore ſufficiently * _ A 
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of the INFERIOR : PLANETS) MERCURY _ 


Dee. XIII. The blur of any planet © is its 5 apparent CY 


from the ſun. 


Dr. XLIV. The Wales, he ng cobit of a e are he POL . 
in which the orbit cuts the plane of the ecliptic: and a right line Grawn 


from one node to the other, is the Line of the Nodes. 58 8 5 "a | 


Dex. XLV. The Limits of the orbit of a + plants are two points in 
the middle between the two nodes. 


Dee. XLVI. An inferior planet i is in its inferie conj as + 
it is nearer the earth than the ſun is, and in its ſuperior conjunction, 
when it is farther than the ſun is from the earth, and hoe I ſame 


ſecondary. | e LED 4 4 


Lec: Abe ths ti n n l fo gh an Gere e A OE pats . 


EHG, 8 the ſun, and F D an arc of a circle in the heavens. Venus will be i in its inferio Fig. 12. 
conjunction when it is at E, and at its ſuperior when it is at G, and both are in the ſame - 
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- PROP. LII. An inferior planet is at its greateſt elongation, hen 


A 1 * drawn an the earth W the 1 is a * to the orbit 
of the planet. | 2 


When the . W in i with _ . 1 
it moves from E towards X its elongation increaſes, till at X, when AF is a tangent to the Ft 2 
orbit of Venus, its apparent place is F, and its elongation FO, which is the greateſt elon- 
gation it can have; for in paſſing from X to G its elongation decreaſes, till ; at G it e 
nothing. This will be true in elliptical as well as circular orbits. „ 


Con. If i bets as wes a dls of xd, mh 
— as the ſine of mn OAPI on _ 
| 3 Tue 
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Plate 9. 
Fig. 12. 


when the orbit of the planet is nearer to the ſun than that of the earth. 
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The orbits are not circles, but ellipſes, having the ſun in one focus; for on this ſup- 
poſition their computed places 54th Dal found to —_ with their obſerved places. 


SF 


PROP. LIII. The inferior . are never in e e to the ſun. 
For in oppoſition the earth is between the ſun and the planets, which can never 1 


- 


Der. XLVII. A planet i is in Quadrature, which it is 90 degrees in wire 
celeſtial | phere diſtant from the ſun. _ 


PROP. LIV. "The inferior Planets are never in . | 


"The greateſt angle of elongation is that contained by AQ, dra wn from the earth 1 5 
the ſun, and AF a tangent to the orbit of the planet. Now if F were a right angle, 


AF would be (El. III. 18.) a tangent to the earth's orbit ; but AF is a tangent to an orbit 


leſs than that of the earth; it therefore makes an angle with AQ leſs en, gh, 
that is, min: elongation is leſs than 90 degrees. 


15 Con. Hence the interior planets never appear far from the fun. 


PRO P. LV. While Venus is moving from the ſuperior conjunction 
to the inferior, it ſets after the ſun; while it is moving from the i in- 


j weir conjunction to the ſuperior, it riſes before the ſun. 


Whilſt Venus is moving from G, its ſuperior conjunction, through P, to oE i its ſector | 
conjunction, being in the eaſtern part of its orbit, the ſun will be weſtward of Venus; there- 


fore Venus, if far enough from the ſun, will be ſeen in the weſt after the ſun is gone 
down, whence it is then called the evening ſtar. But on the weſtern fide of its orbit, the 


r 
it is then called the morning ſtar. e WWVIw 


- PROP. LVI. The greateſt ain of an- inferior planet e on one 


| fide of the ſun is not always equal to that on the other, 


laner uh neabr te fun than the forme. 


For ſince the planet moves in an elliptical orbit, at the time of its 8 elongation on 


one ſide it may be in its aphelion ; and at its greateſt elongation on the'other ſide, it may be 
in ſome part nearer the ſun: hence its OT Te ID min ory Es CO. 


unequal, its apparent diſtances will be ſo likewiſe. 
Cox. \The greateſt elongation of Venus being found greater ban 1 that een, a 


kPRop. 
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* PROP. LVII. The apparent e of the inferior e is grill, HT | : 7 
at the conjunctions. „ 5 15 


Since the plane of the 1 of Venus is oblique to that: of the earth, choſe af this. 1 
orbit which are viewed by a ſpectator on the earth directly, would appear longer than other 
equal parts vie wed obliquely ; whence its motions, if uniform, muſt appear unequal, * If Flate 5 * 
the orbit EPGH of Venus be ſeen obliquely by an eye placed at A, the parts about E and ” 
G, or near the conjunctions, will be ſeen directly, for AE is perpendicular to a tangent ; at | 
E; but the parts about X ind would be n WA Fm tio 8 
mente. 


1 4 2 * : 29 2 #4 4 * 


ener Tue ue begin M will come ain . 871 
reſpect to the ſun and the earth, may be thus found. Whilſt Venus performs one revolution, 
the earth, whoſe periodieal time is longer than that of Venus, will not have completed 
its revolution. Before Venus and the earth can be again in the inferior conjuction, Venus 
muſt, therefore, beſides its entire revolution, deſeribe an are equal to that which the'earth: © 
has paſſed over: conſequently, the number of degrees paſſed over by each, or their angular 1 
motions, in the ſame time, will be reciprocally as their periodical times; that is; as'the: 1 5 
periodical time of the earth is to the periodical time of Venus, ſo is the angular motion of 
Venus (which is equal to four right angles added to the angular motion of the earthtbetugen 
* Fl two inferior conjunctions) to the angular motion of the earth in the fame time: whence 
- (El. V. 15.) as che difference between the periodical times of the earth and Venus, is to 5 
the periodical time of Venus, ſo are four right angles, or 360˙. to the number of degrees 55 
over which the earth paſſes in her orbit from one inferior conjunction to another.” This is 
only true upon the ſuppoſition that the planets moved in circular orbits, in which caſe the 
following general rule would apply to the finding the time from conjunction to conjunction, 
or from oppoſition to oppoſition of any two planets. « Multiply their periodic times together, ? 3 
and divide the product by their e and you have the time ſought. For let P = e 5 Po, 88 
_ periodic time of the earth, p = 'that of the planet (ſuppoſe an inferior). 7 S time required: f 3 | 
then 1 day f: 360": IF, the angle deſcribe by he earch In 1 ty: for ce ane 


71 


ral e the angle deſcribed by the planet in 1 day-: = 82 „ | 
is the 45 angular velocity of the planet from the earth. Now if they: 8 con. e 5 
junction, Nia will ret into CO again, after the planet has oo Wye hence . 
e e TH 2 1 day : = 1 For a ſuperior planet : = = FE 5 
9 | T „ „ thin? 5 * 
47 e * e 
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D Er. XLVIII. The apparent motion of a planet, if ſeen from the 
earth, is called its Geocentric Motion; if ſeen from the ſun, its Helio- 


centric Motion. . 


PROp. LVIIL When the inferior planets are paſſing from their 
greateſt elongation, through their ſuperior conjunRion, to their greateſt 
elongation on the other fide, their geocentric motion is direct, or they | 
appear to move from welt to caſt. | | 


When Venus is at X, it appears to a ſpeQator at A to be in 4 gale W 
ſphere of the heavens: when it has moved forwards in its orbit to H, G, N, P, it will 


appear ſucceſſively in the ſeveral points P, Q R, D. But the motion from F to D is | 


from weſt to caſt ; for whilſt the ſun and earth are on the fame fide of the planet, it muſt 
appear to move in the fame direction, whether it be viewed from the earth or the ſun, 
becauſe the ſpeRator at either ftation views the concave fide of the planet's orbit: but 
from the ſun it is always ſeen to move from weſt to eaſt; ee e e toe 
„ eee e adadis axnr e e 1H 8 


'PROP. LIX. While the inferior n are vin n the grenteſt 


elongation on one fide, to the greateſt clongation on the other, through. 


their inferior conjunction, their aha motion is e or from 
eaſt to welt. 


cb of its orbit ad Saad 


on the earth, but its concave fide towards a ſpectator at the fun : hence the former will ſee 


the planet move in a direction contrary to that in which it will appear to the latter to move. 
Thus, when the planet is at P, it will appear in the heavens at D; and as it paſſes through 


E to X, it appears to move from D through R, Q, P, to F: but the motion from D to F 


is from eaſt to weſt; 8 nn 
E n 


PROP. LX. When the inferior planets are > af their greateſt clongaton 


they appear ſtationary. | 3 

„ A eee eee 
orbit ; which ſo nearly coincides with a ſmall arc of the curve, that a ſpectator's eye placed 
at the earth could not diſtinguiſh the tangent from this part of the curve: conſequently, a 
planet, while it. is in this part of the curve, CC chat is, 


1 e ee 


Scnor. 


char. 11. OF THE INFERIOR PLANETS. 


Scho. In the preceding Propoſitions, the earth's motion in its orbit is not ann 
becauſe the only effect of this motion on the appearances above deſcribed, is, that they take place . 
in different parts of the heavens; whereas, without this motion the inferior planets would always 
be direct or retrograde in their motion, or be ſtationary, in the ſame parts of the heavens. _ 


If ABO be the orbit of the earth; and EHG chat of Venus; when the carth is at A, Plate g. 
the ſun's geocentric place is Q, and Venus, in order to be in conjunction, muſt be ache *'- Nor 


line AQ. at E or G. If the earth ſtood ſtill at A, and Venus were in her inferior con- 


junction at E, the ſuperior conjunction would always! be at G, and her greateſt elo igations | 


at X and P. But if the earth be advanced in her orbit from A to 4, the ſun's } geocentric 


place is now at m, and Venus, in order to be in conjunction, muſt; now be in one of che 


points in which, her orbit cuts the line am. Thus the places of the conjunctions, and con- 


r gs 95 


order of the ſigns. ; 


' PROP. LI. The:heliocentric: Miene of u giant is ke 


greateſt wherwthe planet ic in ont af dg limbtbcl N ö. 


For the planet is then (Det. XLV.) ar in greateſt diſtance from tho eclipt iy und ther 


wenn; OR 


By 21 29 en 37 » 51 21 72 OY 2: 4: , 9711 1.28 7 — 


© PROP. IXII. "The. 8 Pte of an inferior planet is uc 


as its heliocentrie latitude, and inverſely as its diſtanee from the earth; 


The apparent length of a line drawn from the planet to the plane of the ecliptic, that i is, 
its geocentric latitude, is (by Book IV. Prop. LXIX. LXX. ) directiy as its real length, 
and inverſely as the diſtance of the ſpectator s eye. But the real length of a line drawn from 


the planet to the plane of the ecliptic, is its DOORS latitude ; and the 1 * is 


at the earth ; whence the Propoſition is manifeſt.” TA 01TH SA TO 
Cor. When Venus is in its inferior con on 


place with reſpect to Mercury. ng e are iy reg kf + uf] 
PROP. LXIII. The ſun enlightens only 0 one half of a pln | and 
only: one half of a planet-is.yiſible, at one. rf i 


"This een ee me en fam of th ht and — ets 


motion of light. ; 4 
. $cuor Venus and Mercury, in paſſing from the wean | 


obſerved to. have all the ee moon hem nen ue hes oh e ee 
| Dx. 


* ; ; 
13 OS. , 1 5 Sj ; 
| : C 


1 ee OO 
its geocentric; umme n 


270 


Plate 


* the ſun, ſometimes in ren, and ſometimes i in 1 prcmicde? 15 
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of ASTRONOMY. | (00x v abr k, 
Dex. XIIX. The W of a planet which is towards the earth 


is called its D. Me. becauſe it en like a Pe ciner 


© PROP. LXIV. The inferior planets. are inviſible in their we 
conjunction; their whole diſe is illuminated, when they are in their 
ſuperior conjunction; and they are more or leſs illuminated, as e are 


nearer or farther from their ſuperior conjunction. 


When Venus, or Mercury, is in its ſuperior conjunction, doe whale er its enlighteoes 
hemiſphere” is towards the earth, and its entire diſc is "viſible: as "it paſſes towards its 
inferior conjunction, its enlightened hemiſphere turns, by degrees, from 'the earth, till, 
e Rag: acdhi2-a it is wholly turned from the carth, and the planet becomes 
inviſible. 

5 ele Farin s — rr 


"PROP. LXV. Ke be ie is bas b in See d e 
of its inferior ee it will Appesr as a * in the diſc of the 


＋ 


| ——: es att. 2 weil bon) he pleas ofthe babe 
e eee eee, e ee e | 


ene, but an;the a > 1c 


— * * as * s 
3 : 9 
2 ** \ , "Rr . , 
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W - "BF 4 9 * 8 4 s : 4 uh, E * * #%, of 
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& 4 the 1 SUPERIOR PLANETS, MARS, LEES SATURN, nl the. % 
EET (421 ne 3: : . SIPs +, EI! rg 


” 20 11 "2 
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1 * 5 ; vg 1 Fx 4.4 'Þ #5, 261 . 285 h 
AO: 1 The ere * are Mars, Joie, FORAY 400 . 
5 4. 7 Cͤĩ⅛—;᷑—? F101 B N n 


' PROP. LXVI. The ſupetior Wan are” awneliines' in obj junction 


This is known from obſervation. 
Leet 8 be the ſun; QPO a part of the adi bf Fain 5 PA aber 1 the 


Ry OT. . When the earth is at d, the ſun at 8, and the planet at P, the planet is 


- 


CHAP: v. -OF THE SUPERIOR: PLANETS. 
iti conjunion: when the earth is at #, the fa ut 8, and the 1 the whale 


in oppoſition : vice the ain een E OIg - 


A Os 


Con. Therefore the che planes s move in | orbis firher ade from the 4 des 


the orbit of-the earth. 7 p 2 1 


ini # x, K 233; 7 7 Wo” FEY LE FM 1 
. S | ; 0 24 * # 
WILT. L "RE 3 


- PROP: LXVIL- The apparent diameter 0 of a rere pln i _ 
when the planet i is in oppoſition. e 


I « 


Fbrs when the planet is in-conjunRion; arg fom the can ce. chan when ; 


| it in oreli. e pet ee 7 en 


FROp. LXVIII. If. a . Fa were at N its apparent 
geoceatric motion in any given time would be proportional to ehe angle 
ſubtended by the arc ee oy ws Wor ue 8 17 anc 


the planet. Bret! 09 ARE} 


When the earth is at a, hs ps BF hn AN at ws 


in the heavens at A: when the earth is at ö, the planet appears at B. Therefore while the *'& * 2 
earth moves from a to ö, the planet appears to move from A to B. But this arc AB is. | 


proportional to the angle APB, that is, tothe oppolite;arigle f, WOO Ie 
r nemme . he ed 


- PROP. LXIX.. "The e velocity of of a ſuperior planet is great 
at its conjunction and oppoſition. OR 
Arcs of a given length near'the polots:# and 1 with the planet is ſeen from the earth 
in conjunction or oppoſition, would appear greater than arcs in any other part of the earth's 


orbit, viewed from the planet P, becauſe the former are ſeen diredtly,' the latter obliquely : - 


conſequently, theſe arcs would ſubtend greater angles ; whence the apparent velocity of the 
planet, as viewed from the eanth, ; writ Ee ee 


_ time. 1 1250 | I 
: 2 eb Ft "Tx * . De” | By F; 5 6 K : 


PROP. LXX. When A 1 4 a a e hb to "the 


carth 1 is a tan gent to the earth's orbit, the planet appears ſtationary: ./ 


| While the earth is near a-or g. points in its orbit lying in a line which, drawn „ 
planet, is t to that orbit, the are whieh it then deſcribes ſo nearly coincides with 


15 Fr 2 that the earth for ſome time ſeems to move directly from or towards the 


— 


* 


— 
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A whence the fan maß. during that ao, appear to be 
in that line, — | 


PROP. LXXI. When a ſuperior planet is paſſing FOUR one of its 


- ſtationary ſituations to the other through the conjunction, its geocentric 
motion is direct; when through the oppoſition, retrograde. 


% ͤ ͤͤ neee being bas adi the 
fame fide of the earth, the motion of the earth will produce an apparent motion in the 
ſun and planet the ſame way, and both will appear to move from A towards G. But while 
the earth moves from g to n through 4, the ſun and planet being on contrary ſides of the 
earth, the motion of the earth in its orbit will produce an apparent motion of the ſun and 
planet in contrary directions, that is, whilſt the ſun appears to move from weſt to caſt, the 


planet will appear to move from eaſt to weſt in the direction G, H, HT +: 


SCHoL.. The progreſs, regreſs, and ftations of the ſuperior planets, 8 
withſtanding the motion of the earth, ſince eee e eee 


| r as was ſhewn Prop. LX. Schol. 


PROP. LXXII. Mars ſometimes appears round, ſometimes gibbous ; ; 


Jupiter, Saturn, and the Herſchel, always appear round. 


When Mars is either in oppoſition or conjunction, his whole illuminated doc 


towards the earth, but when it is in quadrature, fome part of his illuminated diſc is turned 


from the earth. The fame muſt happen in the revolutions of Jupiter, Saturn, and the 
Herſchel, about the ſun ; ee eee oma the perfect 
and imperfect illumination of their diſc imperceptible. 5 


Scyor. The following particulars reſpeing n are given wy Dr. ache, alter 
long and accurate obſervations. | | 

The axis of Mars is inclined to the ecliptic 590. a4 54 115 

The node of the axis is in 17%. 47. of Piſces. . 

The obliquity of the ecliptic on the globe of Mars is 28. 42". | oh 8 

_ The point Aries on the martial ecliptic anſwers to our 199. 28”. of Sagitarius. 

The figure of Mars is that of an oblate ſpheroid, whoſe I: diameter is to the 
polar one as 1355 to 1272, or as 16 to 15 nearly. 

The equawrial dameter of Mars, reduced to the mean diftnce ofthe earth from the 
fun is 9”, 8 b 
b eee ee but moderate atmoſphere, ſo that its inhabitants, pro- 
Ys 8 Sina las „ 
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725 of be Vanrarion in the AvynananCE oY the Moon, - 


1 x59 


_ Dex. 11. When FL moon is at its greateſt diſtance frm th ca 
in its orbit, which. is Elliptical, or at its higher apſis, it is Haid to be in 
ai ber ig When at its leaſt diſtance, eee, in its Perigee. 

Dxr. LI. "When abe moon is in_conju Cie with the ſun, it is * . 
1 ; when i in oppoſition, it is Full Moon. :. its conjunction and oppo- 
ſition are called by the common name of its Serre. 

' Dee. LIII. A Periodical Month is the time in ati the moon 
deſcribes its orbit ; a Tat Month is the time which paſſes 


- 


FREE: nee V 8 
8 01 edle ela. B M313 2201 


PRO. Lil. A \ pri month | is « longer than ry eee 8 


month. ; 7 | 3 49 p ' 

Becauſe the moon . 5 oo fun, 8 moon . 
one reęvolutidn in its orbit, the ſun, by its apparent annual motion, is advanced, in the 
_ ecliptic ; ; conſequently, the moon muſt paſs beyond t the. point in which. it has completed its 
revolution before it comes again into conjunction wi | with the ſun. © Fon 


Let s be the fun, BA a part of the/earth's/ofbit, n MD, — P's ue 1 5 


orbit when the earth is at B, or A. rr EN" 
be in conjunction, and if the earth continued ieee 
_ orbit, it would be again in conjunction: but if, during the revol . 
Arth is removed. to B, the woon at de end ofthe revolution vil be 84 pine which is 
r it muſt therefore move.on from 4 to e n in 
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1 OF ASTRONOMY. Book v..ParT 5. 


' PROP. LXXIV. The moon, at its conjunction, is inviſible ; at its 
oppoſition, its whole diſc is enlightened; at its quadratures, it 1s half 
enlightened ; between the conjunction and quadrature, it is horned ; and 
between the quadrature and oppoſition,” it is gibbous. 

Plate rw. Let QTL be a part of the earth's orbit, S the fun, T the earth, AcEG the moon's: 
F'S-2- orbit. When the moon is at E, or in conjunction, becauſe it is between the earth and ſun, 
Its illuminated hemiſphere will be wholly turned from the earth, conſequently, its diſc will 
be dark. At As, being in oppoſition, its illuminated hemiſphere will be wholly towards the 
earth, and its whole diſc will be viſible. At C, or G, the apparent diſtance of the moon 
from the fun will be go degrees, for a right line from C or G, will make a right angle with. 
| "the line TS, in which the ſun appears: whence the moon at each of them is half way 
between the oppoſition« and conjunction, chat is; in the middle ſtate between the perfect 
illumination and the entire darkneſs of its diſc ; conſequently, its diſc is half enlightened. 
In paſſing from C to E, and from E to.G, its diſc will be leſs than half illuminated, or it 
will appear horned; in paſſing from G to jr EIN We; nies will be mote thin 

half iNaminated, or it will appear gibbous. $5.08 E 

Con. The earth muſt be a ſatellite to che moon, and 1 70 ie abs ge . 
e ee than the i us. At new moon to us, the earth 


x * 2 1 * , * 5 F . P % * © 5 4 ++ N i 
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Des. LIV. A circle 1 to be dawn upon hs hs er 'of tie | 
moon, ſeparating the illuminated from the dark hemiſphere, is called | 
the Circle of Illumination : a circle which ſeparates its viſible from Its. 


inviſible r oor is n 2 Cirele Y ay Dy . 


PROP. Nrw 17 PR eiten of the Ai this 654 Pe” PIP KY ge 
are joined by ſtraight lines forming a triangle, the external angle of this 
.  .. - triangle at the moon, is equal to the angle contained be circle 
Dt 'of illumination; and the circle of the diſc.  » + | 17, 101 


Plate „ e eee eee e e e e e Ps . 
; WO: Let STO be the ſuppoſed triangle. Draw the Iine 79 perpendicular to SO, and um perpen- 
_dicular to TOP. The angle SOP will be equal to the angle mOg, contained between ry, 

| which repreſents the circle of illumination, and um, which repreſents the circle of the diſc. 
Pecaiſe the angles SOr, TOn, are by conſtruction right angles, they are equal: and 

Or, gOT, are vertical angles, and therefore equal. aan the remaining mew | 
. 


* ET. -: | "IVY | 


cis . cee, OW uE MOON „ 37s 


School. This Propoſition ſerves to explain allt the different phaſes of the moon For - 
+ when the moon is moved from O to A, the line 80 coincides with SA, and Plate 10. 
TO with TA; therefore TO, Os, lie in the fame” line, and the external angle POS is 2 # 
nothing: whence the two circles of illumination and of the diſc coincide:; and hecauſe the 

diſc is then turned from the ſun, it is wholly dark. When the moon is in quadtature, the 
line TOP will be a tangent to the moon's orbit; whence 80 will be, a fight angle, and 
the two circles will be at right angles to each other, and the diſc will appear half lumi- 
nated. If the angle POS be leſs or greater than a right angle, the circle of illumination 

will make an angle with that of the diſc, leſs or greater than-a right angle. whence. the 
alurninated part will appear horned or gibbous. Laſtly, when the moon is in a oppoſition, 
the lines S0, ST, become one and the une” ef circles ooinci. 
e e CIR en CCCCCCT LINE 


5 "PROP. LXXV.. The Kos of the moon, 1 the con junctio n, 
are turned towards the caſt ; after it, towards the wweſt. 


[© Thi ſum, after the conjunction, ſetting before, that is, to the welt e on; illhmi- 
en- eri nmlieh nn,. Wend i Kee which are towardh the dark park ; 


is ben in th el, Seer 1 5 ts en nf ieee eee 


PROP. LXX V. When the moon is horned, its _ =" part 
ville by the reflection of the rays of the ſun from the earth. e 


Wben the moon ie at Oö er Eg lar the" cnjunttion; the enlightened' h 
ne will bo townrtls "We WAI, n enn 42 


PROP. * XXVIN-: The moon Lhe 5 oy the * 


. 11 regen „ 2 2 Z ff = + ER 
wards the earth. C811 2 157 ai eon 5. $6423 433600 e ug 

This is proved by enn 54 nn 7 ot ER ih 3 
Con. 1. Hence, if the moon — fvomdy its ö to 

chat of its revolution in its orbit round the earth. "This > allo found tobe this cle Wil the 1 
fifth ſatellite of Saturn as it regards its primacy. Et ror a ans mim "9 1 507, TY 


Con. 2. Though the year is of the ſame abſolute an both to the nend ab, 1 
yet the, ee eee bal _ en the teen, — rept +28 
and. al 261 e ab eee cy eee HA S 17 een be ben YH en e 

belt abet iter i 1647 HIGH Fil Fichten bogs + n 4 At A o il anraitaanty LP 

© C Ts ala n 2 15 Scuol. 
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" of our earth begins to be enlightened, and the other to. diſappear, which 
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OF ASTRONOMY. BOOK v. PART L. 


- $cuon;. ' This-propoſition-would be tie without any liwitation, if the; angular velocity 
of the moon about the earth were equal to the angular 'velocity about her axis, for then the 


ame face muſt bn; turned — the: earth Dt: the angular velocity | of 


Ss ahaha tacedavike exe” Since, eee eee 


moon is never ſeen, the time af the moon's rotation about her e e 


eee W e ee 


PROF, IXXTX. The moor appears to have two Nations: one upon 
2 line perpendicular to. its. axis, called its libration nee 30 Seats 


upon its axis, called its libration in longitude. 1 uf 


This appears from obſervation, ſome ſmall portions of the ſurface of the moan, being 


viſible in ſome parts, and inviſible in other parts, of its orbit: that is, in _ conſequence of 


her libration in latitude we ſometimes: ſee one pole, and fometimes the other And by the 


' libration, in longitude, more of the weſtern. limb is ſometimes. ſeen, a en er of 
. The inclination af her axis „„ / / 


- - Cox: ' The axis of the moon being pong e 9th cp ve will bo bu 
u moteabaranagd f bo £5331 40. 


- ScnoL. Theamoog's axis being @ nearly perpandicular to the, eciges, that the, Gnall 
obliquity of her orbit cannot cauſe the ſun ſenſibly to decline from the equator.” Hence we 
learn, that the inhabitants of the moon, muſt deviſe ſome method, different from ours, for 


. , akcertaining the length of their year... We know. the, length of our years by the return of 
rer OR IAFROES; the moon, where the days and, nights, are 


equal. 

"The Lunarians may, n ie theic year by oblarving hen Sher of the: poles 
happens Ak Ou 
equinoxes ; they being conveniently oa be een large tracts e e e 


LXXX by 11 messe of de Won may! be e 
o 


 Eet E repreſent the pläne of the-moon's orbit, E the earth, and CB the moon; and 
let AB be the ais round which the moon revolves, and A be called its north pole, and B 
ies ſouth; pole. CMD vin in this fituation be the viſible hemiſphere, and CD the plane of 
the diſc. By the libration in latitude the line AB appears to vibrate on the line IH, ſo thiat 
ſometimes the point A is viſible, and ſometimes the point B. This variation attends the 


, 


car. „ OP; THE MO S —© 


mos revolution in its orbit: in one half of the orbit, the: pole A a and 
in the other half the pole B. It muſt therefore ariſe from the inolination of the axis of the 
moon ta the. plane of its othit. When the moon is at I, if the axis. AB is inclined t IH 
the plane of the orbit, making with it the angle AIH: to, a ſpeQatar at E, che viſible 
hemiſphere will be CND, and the pole A will be within the diſe; but when the moon is at 
H, ths viſible hemiſphere will be CMD; and, the, axis AB: being "Br paralle] 15 iel, | 
the pole B will be within the diſe. | 
Again, tn the 66 er TAS, Ab ber 1% al CB teri 
the moon, be its axis. If a circle, whoſe plane is perpendicular to Te, paſs through 
the line dc, this circle: will be that of the diſc, and 40 95 will be the viſible hemiſphere. 
| But the moon has an apparent motion, by which, the. diſc. is changed, ſo, that at one time rb 
is the circle of the diſe, and ng the viſible hemiſphere,; at another. I and eg. In the 
former caſe, ar becomes viſible, and db inviſible, in the latter caſe, df becomes viſible, and 
7 inviſible. This libration in longitude ariſes from. the elliptical ſon ot che ragon's orbit. 
If the moon has a rotation round its axis, it has been ſhewn that its revolution will be com- 
pleted in the time of one revolution in its: unbit ; and: hecauſe the notian teund the axis is 
uniform, one quarter oi a revolution will be completed in one foumh part af the periodical 
time. But, the moonꝰs arbit being ſuppoſed. elliptical, and che garth plsced I one gt the 
ſoci, the moon will move ſlower at A its apogee, than at P its perigee, and its yelgeity; ill 
continually increaſe in moving; from, A. to. P, and decreaſe in, moving, from P to A. If 


therefore when, the moon is at A, dbqy is the viſible hewiſpherc after. it has 7 — from A 3 


o B, through that quarter of its orbit, in which it it moves wil its leſs 5 f | Con- Fig. 5- 
quay cakes yp mort cha dane of i en mg, ds, WII not b be perpendicular 
to Te, but the point s will have turned fram w weſt t to eaſt aſt mare ; than. a Quarter round the 
axis C: hence the point 2 will not, be, viſible, when the moon is at B, and J inflead. of dc 
will be the circle of the diſc, In paſſing from B to P, its excels of volocky will make up 
for its defect in paſſing from A to. B; U it will haye completed, balf its orbit in half 
tz pexiodical time: bs. in, half n perigdical tinkh. | will haye revolved, half round its. 
Sis, therefore at P, 45 will again be perpendicular to, Te, and As will pn be ft Te 
hemiſphere. Tbe reverſe; will, take place in paſlipg from E, e when 1} * 
e e of he Mi nds ll be wen FR: Es TS 
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PROP. LXXXI. Tbe wesen about geh time 
in eee enen, RAY 4185 1 204 & 4 WL Ad SHE 


fe Greg el 6H 267 


2; Without fuch. a cevolwjop, hg phenomena. of ity, lratings coukd, gap happen. sf there voy | A 


point A were viſible in one. part of the moon's arhits, it would. he always; vifible,- without a f + 
rotation about an axis oblique to the plane of the orbit, to. produce. an. anpareyt; motion. of 
the point A, or the libration of latitude. If 4s were pi CAT 


Ls in exery. other part «the dies and thor ie 


Biz. 2. 
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OF ASTRONOM Y. BOOK V."PART 1, 
the illuminated hemiſphere, if there were not a revolution about the axis to produce, in the 
manner above explained, the libration of longitude. Theſe librations thereſore prove the 
exiſtence of this revolution: and it has been ſhewn, that if mariah I! eee its 
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© Con. Hence it is evident, that one half of the moon is never in He the | 
(Prop. LXXIV. Cor.) conſtantly affording it a ſtrong light, during, the W of the in; : 
TOR PRE O's HEM nel nan by ns. 5 


RO P- LXXXUI. The orbit of che moon is an ellipſe... |, || 
e r ebenes d. the Wee of longitude can be erte, from ui 


4 


. TI. 
c * 


| wee ref de elle form ofthe at may be infor, 10 oxid od 2, 


IT 1 4 Ws x. f 
0 C 1 — : $ > a + 4 


, > : 
x #57 5 bY! * d . 


FROr. LXXXII. The moon's ſurface'is irreg 


Ii the ſurface were every where regular, the- unt ben a Gd, ak 
paris'6f ak6\G@ bring the tivele of lighs that is a perfect great circle of a ſphere, would 


e eee Ce WANT eee er gidbows, can 


WN of 10 
Scnor. We ts „e. Wen © RE appears ier with 


10 hills and valleys. This is proved by viewing her at any other time than when ſhe is full; 


for then there is no regular line bounding light and darkneſs ; but the edge or border of the 
moon appears jagged : god cven in the dark part year the borders of the Jucid lies there 
are ſeen ſome ſmall ſpaces enlightened by the fun TRI. 1388 

Beſides, it is. moreover evident, that the ſpots in the moon taken for mountains and 
Talley. are really fuch from their fliadows. For in all ſituations of the moon, the elevated 
parts are conftantly found to caft a triangular ſhadow in a direction from the ſun; and the 


" cavities are always dark on the ſide next to the fun, and illuminated on the oppoſite ſide. 


Hence aſtronomers are enabled to find the height of the lunar mountains. -Dr. Keil, in his 


Aſtronomical Lectures; has calculated the height of St. Catherine's-hill to be nine miles. 


Since, however, the loſtieſt mountains upon the earth are but about three miles in height, it 
has been long conſidered as very improbable that thoſe of a planet ſo much wore 3 
to the earth ſhould exceed in ſuch vaſt proportion the higheſt of our mountains, | 13 
By the obſervations of Dr. Herſchel, made in November, 1779, and eee 
months, we learn, that the altitude of the lunar mountains has been very much exaggerated. 


- His obſervations were made'with great caution, by means of a Newtonian reflector, 6 feet 
8 inches long, and with a magnifying powet of 222 times, determined by experiment; and 
me method wich he made uſe of to aſcertain' the altitude of thoſe mountains, whichy during 


that time, ne Had an opportunity of examining, ſeems liable to no objection- The irock 


4  fiuated rear Locus niger, was e nnn but none of the other 


* mountains, 
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mountains, ahichitv sse proved. to be more than half\chat:altirade3/and. Dr. Herk. 
hel concludes, that with a very fe- exceptions, the generality of the lunar mountains do 
not execed: half a mile in ou perpendicular elevation. See Keil's Aſtron. Le&. x. Phil. 


Tanſi Vol. r Daw 21. 000345 ty. 10 d 
To Dr. Herſchel allo we are indebted-for an account of Gm burning, volcanoes, which 
he ſaw at different times in the moon. In the 77th vol. of the Phil. Tens 00-00% AS; 19, 


Fg , minutes ſidereal time, Tye perceive; three vo 8 * 


IN eruption Weng a ds matter. dee a aight, Dr, Hassel au the 


volcano burn with, greater. violence than on the preceding evening, He conſidered the - : 


eruption to reſemble a ſmall piece of burning charcoal when it is covered, by. a thin coat of 
white aſhes, which frequently adhere to it, when it has been ſometime; ignited, and it had 
a degree of brightneſs about as ſtrong as that with, which ſuch a coal; would. be ſeen to glow ß 
in faint day light. It is not yet determined whether there is an atmoſphere belonging to the £4; 


moon. The-queſtion is fully ee eee Vol, TAK 1: og 


Pb Traut for the yay 1792, 
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' PROP: LXXXV.. The moon eee dann the full 
FITS THE" FORE L2H, ub. 455} an TITS 
it is in or hear one of its nodes; N 4 e 
ais nn 1% $DAASISER: 110-01 een 1 15 el 


4 2 
9 


1 ee Lo PS bty . . | 
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een F en dsds plane of the ecliptic; if "thereforeithe- moon in oppoſi- 

tion be ſo near one of its nodes, that its latitude is leſs than half the breadth of the ſhadow, 

it will be eclipſed. But, becauſe the plane of the moon's orbit makes an angle of more 
than 5 degrees with the plane of the ecliptic, it will Oy have tos mach N 
peg, e ef , . e al Mis 30 oP 
„ OEahle {+ 3g. 

* PROP. EXXXVI. The fun is larger than = earth, uh a che Nato 

of the earth is a cone, the baſe of which 1 is on 1 the earth. 


If the earth were larger than, or equal to, the ſun, 1. lixk, chat its de woech 


either perpetually enlarge, or be always —— nb ; *but in this'taſe; che fuperior 
planets would ſometimes come within it, and be bclipſed, which never happens. Therefore 
the fun is larger than · the earth, and produces a ſhadow from che earth 5 c 


en dot erden es tue ordit of las. 813 N iz: ex 30098 i 12 k £ 


J e of of arfgil 45b 36 au 

© PROP. 1xxxviL. The noon is eel ipfedt 'by: 4 / neck Y ite e bes 

1 „ Rn i Ht % 

bis; ds aa, CME the cone of its ſhadow, and FH a part of the moon's 

orbit paſſing through the ſhadow ; it is CCC 
orbit, it paſſe through the circular leon FGHL, 


#; 


Dee. LVI. The moon s. Hoffe } Parallax, is the angle which a 
ſemidiameter of the earth Berry Rl . 5 it were viewed directly 


from the moon. ))%%%)/ͤ 3X I IIA AA INJ 4Q. 
n 2 8 2 + _— - o * gr) 1 . 5 # 2 ba #4 4 
11 CCC. noom br aut. $1 avy3;1 
1 gil ; 39 * A wil 5  VIXEXAS FORT 


1 TY A if the cone G4 the earths ſhadow y be taken ns equal 
to ybe angle of the ſun's apparent ſemidiameter. 


aon N: node vie ei 21 19.4 
Let AFBG be che fun, HED dhe earth, HID er BA eee eee 
earth's ſhadow, and CMD half this angle. SA, a ſemidiameter of the ſun, drawn from 
its center to the point of contact of the tangent AM, is perpendicular (El. IIa.) to 
AM, and is therefore ſeen directly from D; and it ſubtends the angle SDA ; it muſt thexe- 
fore appear large in proportion to the magnitude of this angle. But in the triangle SDM, 


the external angle 8 DA is equal 0 the t angles CSD, CMD of which, CS, ths angle 


in which the ſemidiameter of the æarth is viewed from the fun, is ſo ſmall, that vwithoutdny 
ſenſible error it . „ ald 
- PROP. 


— 


- 


- -: PROP, LAXKVHI, The ſemidiameter of the fion'of the earths 
ſhadow which eclipfes'the* moon, is equal to the difference between the 
horizontal parallax of the moon, and the ſun's apparent ſemidiameter. 


"CL, being a PRE of the earth ; pot, from the point of contact of the. tangong Pie OS 
CM, is perpendicular to CM. CT will therefore be ſeen directly, from the point Fin the e 

moon's orbit, ſubtending the angle CFT, which is (Def. LVL) the "moon's horizbi | 

parallax. FMG is the ſemiangle of the cone of the earth's ſhadow, equal to the angle ß 

the ſun's apparent ſemidiameter, becauſe MC produced would be a tangent | to the crcle. of it 

| the ſun's diſc. F G is the ſemidiameter of the ſection F GHL of the earth's ſhadow through | £ 

which the moon pales in an eclipſe; and FTG the angle which this ſemidiameter will 

ſubtend when it falls upon the moon, and is viewed from the earth, Nom the angle CFT. 

is equal to the two angles FMG, FTG, (EL I. 32.) conſequently, FTG is equal to 
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CFT—FMG; but by the preceding Lemons, FMT may be taken. for the angle of che FF 
ſun's apparent ſemidiameter ; and CET PE MOOSE rallax: : whence the Pro- LET 
poſition i is manifeſt, e my, W 


Con. Hence the ſection of the Wer ez by which the moon is is eclipſed, is broader 
than the moon ; for the ſemidiameter of the ſhadow, * this, meyer TOR * , 
e ee ee VVV e a 
Dær. LVII. An eclipſe of he moon is partial, "when 4 1 t ofiyiue IE 
its diſc is within the ſhadow of the earth; it is roral, when All its diſe + * e 
is within the ſhadow ; and it is central, when the” center of che ears Rn 


ſhadow falls upon the center of the moon's diſc. „ i OWE 


| PROP, LXXXIX. The moon, at the full, will: es: Hippie 1 
its latitude is equal to, or greater than, the — ts ow tienen. 9 
added to the ſemidiameter of the earth's ſhadow.” 115 n 


| Becauſe a circle or ellipſe appears as a right line when the eye is in 8 with Pic ro 
it, let OO repreſent the plane of the ecliptic, RR the plane of the moon's orbit, and N 
the node. At chest moon; ir de earth's ase be a A U bel l nut de „„ 
fame part of the heavens, becauſe it is in oppoſition. But becauſe only one half ofthe 712 | 
ſhadow of the earth,” or about 45“, is on the ſame fide of the ecliptie With che nibon, and 
only one half of the moon's breadth, or about 16'. is on the fide of its Orbit towarts the 
earth's ſhadow ; if the center of the moon is more than 62. een, 
FF the ſhadow, and will not be eclipſed. wor e e 1s 

Let GE. be an arc of the moon's. orbit, AB, an arc of che ecliptic,/and Ce an are in aW 7 
econda ne OO Sa OI 1 — 
1 than, Ws . a 
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than, Ce andicl, the fm of the ſemidiameters of the earth's ſhadow, anne 
eee ee ee ee | 


1 PROP. XC. The moon, at the full, will be partially edipfed, if its 
| Latitude ! is leſs than the ſum, but greater than the difference, of its own 
| ſeridiameter and that of the earth's ſhadow. 


Plute 10. 11 Ce the latitude of the moon be ſuppoſed leſs than Ci, >, the find bf the Gs 
Fig 9- of the ſhadow and the moon, I the lower edge of the moon will be below f the upper edge 
of the ſhadow ; whence the ſide of the moon towards the ecliptic will be eclipſed.” But, 
becauſe Ce the moon's latitude, added to to its ſemidiameter, is greater than Ct the ſemi- 
diameter of the earth's ſhadow, the upper edge of the moon o, cannot come within the 
fhadow ; whence the eclipſe will be partial. And becauſe in this caſe the moon's latitude, 
together with its ſemidiameter, is greater than the ſemidiameter of the ſhadow, the moon's 
tirade is greater than the difference of the ſemidiameters of the ſhadow and the moon: or. 
ee LY 2 nc e any hare 


7* i 


5 by . * 14 


PROP. XCI. The moon will at the full, be totally Sunbelt b i its 
latitude is leſs than the difference W n its own hs and that 
e the carth's ſhadovr. . a * ; Ta 
1 Cen be less than Cr, that is, if Cre les thin Cru, th appr ge of hn 
e An 


PROP. xc. The moon is centrally abe, any when, 3 in oppo- | 
ſition, it is in one of its nodes. i SORT 


eee eee idgedv ordie} un u flats "ry 
ecliptic, is in both. Therefore when/the moon is in the node, its center is in the plane of 
_ the ecliptic, E and e 
Enter coincide. | 

_ Senor. % LT i Gude wei ho malt to W enten 
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always be in eclipſe, while it was at, or near, its-nodes, if it moved with the ſame velocity , 


as the earth: . her hop che Heviegy ay ek ee een 
tom its oppoſition out of the ſhadow. | Fe | 
Scuol. 2. /The fide of the cane of th on dan bring en he ee 

| of the ſhadow may be found. |; 
Plate . ee ee we 0 
. . ˙ A wing ON 8 THE be hl 
CT is 
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CT is the fine of the angle CIT. Therefore as the ſine of an angle' of 16) 8 
bo is CT to TM, the knight oF HO AR WF REIN nba hante 
mn Ang | be 
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' PROP. XII. The: moon in a total: ecliphe) is not « wel ee. 


5 eee and the phenomenon is produced by the rollin of caps 
of light falling upon the earth's d. towards the ſhadow, and e e | 
the moon in the ſhadow... i . i , UE eras rene ate: - | 
Der. LVIII. An Edigſe of the Sun 1 when che moon, „e 10 | ih 
between the ſun and the earth, Imercepts the ſun's Toke... 7 400 | 


1 4 7\ 
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PRO xc. The ſun „ at the . bt 313 
a Retr tary Pore the moan is in'conjunttion; the n . between the ſu 
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' PROP, XCV. The ſun can 2 be <a, when . moon, at . 
conjunction, is in or near one of its node. 


| For unleſs the moon is in or near one of its nodes, it 6 
plane with the ſun; without which it cannot appear to us to pals, over the diſc. of the fun. 
At every other part of its orbit, it will have ſo much northern or ſouthern latitude, as to 

appear either above or below the ſun. If the moon be in one of its nodes, having no'lati- 

tude, it will cover the whole diſc of the ſun, and produce a total eclipſe,” except when its 
apparent diameter is leſs than that of the fun: if it be near one of its nodes, having a 
| ende ire Tee One 
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Prey. 11 31 
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PROP, XVI. In'a total Ape be. a Mh en at "y 
moon falls upon that part of the earth where the edlipſs is ſeen. „ 


Let SL be the ſun, TR the moon, VM a part of the ſurface of the earth. Re 
placed any where between V and M, will not ſee any part of the fun, becauſe the moon Tt 11. 
will intercept all the rays of light which come to him directly from the ſun ; a 
manifeſt, that, in this ſituation, the moon, being an opaque. body, w Wh calt i 
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"PROP. I The ſhadow of the moon is a cone, terminated in a 


Point. 


Becauſe (by Prop. LXXXVIII. Cor.) gn ef" cr rao Nie ne ter 


| of the carth's ſhadow, where it eclipſes the moon, and this diameter (by Prop. LXXXVI.) 


is leſs than the diameter of the earth, the diameter of the moon is much leſs than that of 
the ſun: conſequently, its ſhadow will be a cone, terminate in a point. 'The tangents 
LAR, SAT, terminate in A; and only the rays that would paſs within theſe tangents 
are intercepted by the moon; „ Viera eee eee ee 


LEMMA. Heal, If the angle of the cone of the moon r r ſhade; is a to 
the angle of the apparent ſemidiameter of rhe fun. ' | | 

Let FBGA be the ſun; HED the moon; the cone HMD the moon's ſhadow : CMD the 
ſemiangle of this cone; SA the ſemidiameter of the fun, and SDA the angle which this 


ſemidiameter would ſubtend, if viewed from D. It may be proved, as in Prop. LXXXVIII. 
Lemma, that CMO is equal to SDA; for the diſtance of the moon from the ſun. is ſo nearly 


equal to that of the earth from the ſun, that the OT of the ſun, as ſeen 
CCC | | 


PROP. XCVIII. A ſemidiameter of the moon's Babe, e it 
falls upon the earth, is cqual to the difference en pee pe ee 
femidiameters of the moon and fun. | | 


Let CDE repreſent the moon, CME the cone of PIP coor FG the Gmidiameter of the 


moon's ſhadow. where it falls upon the earth in a ſolar eclipſe; CT the ſemidiameter of the 


moon, CFI its angle viewed from F, He 
the; moon's ſhadow viewed from T. 4 1 
In the triangle TFM, the external angle TFC (El. L 32.) is equal to the twojangles 
FTG, FMG. Therefore FTG is equal to the difference between TFC and FMG: and 
FMG is (by the preceding Lemma), equal to the angle of the ſun's apparent ſemidiameter, 
and TFC 3 mT 8 e | 
manifeſt. © 
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"PROP. XCIX. ot whe 231 24 ee il l 


perſe@ ſhadow of the toon, Menparttue prices the earth where-the 


partial eclipſe is ſeen. fe 
A ſpectator at N, or P, Adv bs 4 whats ſun; he « ny pliers a. | 


ee, 1 rot P But at any point in NM, 
| . 


i 
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vp, the ſpaces vedwpoeit the moon's ſhadow: and the points N, P, ir aces 

ſee a part of the ſun: thus at G, or P, he would ſee that half of the ſun which lies without 

the tangents DRC, GTC+ conſequently; in all places between the points N, Ms and P, V, 
there will be leſs light from the ſum, mn This: ct 


it 18 called the ne ts > FIT ZLATE 0 1 ＋ "#437 16; 101022 / 
PROF. C. The ö is an e cone; and! i its. 
Jackets 3 towards the ſhadow of the moos. 


While a ſpectator is i in the ſpace between N and M, or P and V, he 3 10. 
but at the points N, P; paſſes out of it. Therefore the tangents NS, PL, are the limits 12 8 
of the penumbra. If tangents be ſuppoſed drawn round the ſpherical ſurfaces of the ſun | 
and moon, they will form two cones, having their common vertex at F, and increaſing, 
the one towards the points To 8, the other towards the points N, P. And AS the ſpectator 
moves from N towards M, or from P towards V, a greater and greater portion of the ſun 
Man v becomes inviſible to him; 3 yrhence the penumbra increaſes in darkneſs wd 
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PROp. ct. The 3 of Bj — raue is _— tothe 
ber. of the ſun's apparent ſemidiameter. a 75 
Let SL be the fin, and FR the moon. By Prop. E the tangents in Err rim wo. 
terminate the cone of the penumbra. CE, drawn from the centre of the fun to ar or Fs 1 

the moon, biſets TFR, the angle of this cone; whence EFT is its ſemiangle. LC 
being the ſemidiameter of the ſun, LTC is the/angle under which this emidiameter would 
appear from the moon T. I ſay, TFE is equal 7 LTC. Fos, in the triangle TC, 

the external angle EFT is equal to the two internal and oppoſite angles FTC, FECT, 

that is, to the two angles LTC, TCE. Therefore EFT is equal to LTC, TCE. But 
'TCE, being the angle which the moon's ſethidiameter would Jubrend, if Viewed from 
the ſun, is ſo . * e be ner Murder EFT. _—_ Rey as We 3 
2 - * e e , e e 
0 - PROP, Cl The Cn 3 en Na =—_ 
part through which the earthy paſſes in at eclipſe of the ſun, is quai to 
the ſum of the apparen it ſemidiameters of the ſun and mom. 0 


les Ch be die dee CDAh its: periumiien; una CMD: the W 0 eee Wh 


een and let AEBF be che ſectian of the penumbra through which the earth paſſes ** | 
in an eclipſe of the ſun, AB its diameter, and A F its ſemidinmeter. MLT draws from | 
„„ n cuun eee fr 
"3; | - Prop, To 
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Prop. CI.) CMI. the ſemiangle of the penumbra is equal to the ſun's apparent ſemi- 
diameter. And CL is the moon's apparent ſemidiameter, as ſeen from the earth A,-ſub- 
tending the angle CAL; and AT the ſemidiameter of the penumbra, ſeen from L, ſubtends 
the angle ALT. Now the angle ALT is equal to the eee RING RP 
e e nee eee a ett 5 eee 


Der. LIX. The diſc of the erh ie that hemiſphere o of the he earth, 
ern is 1 5 as a circle, 1 N the moon. 


PROP. cu, ho the. new moon 'the whole diſe of the e earth. is en- 
lightened. 1 2 ib bats l H 


r ED UL ode UE the earth viewed from the 
yh Ps _ SIT, > rao Pong. vo be 


_ PROP. CIV. The feidiameter 0 of the earth's ate. is oqul to the 
moon's horizontal parallax. | 1 . Hy 


e e e £> cam cha de tec Hank, i 
from the moon, that is, it is equal to the emma 
een eee ; | 


15 1744 FRE. e El 


"PROP. CV. If the latitude af the a; 1 e is * te 
28 than, the ſum of the ſemidiameter of the penumbra and the moon's 
horizontal parallax, there will be no Lad of the lun; if leſs, there 
wil be an eclipſe, either partial, or total. 3 


Let ACB eee eee eee | 
the node, DL the earth's diſc, and o/ a ſection of the moon's penumbra. Becauſe the center 
of the moon's penumbra is always in a right line paſſing through the centers of the ſun and 
the moon, the diſtance of c, the center of the moon's penumbra, from the plane of the 
ecliptic muſt always be the ame with the diſtanct of the center of the moon from the ſame 
plane, that is, with the latitude of the moon. And becauſe the center of the earth, or the 
earth's diſc C, is in the eclipec, Ce the diftance between the centers of the penunibra and of 
the earth's diſc, is always equal to the latitude of the moon. Now, if Ce, or the latitude 


is” 94; 


| of the moon, be equal to, or greater than, cl the ſemidiameter of the penumbra, together 


- with C the ſemidiameter of the- earth's: diſc, or the moon's horizontal parallax, then no 


part of ET Wer IO en. there will be A If Cc the 
| Latitude 
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jatitide'of the mood be low C4 F 
than the edge of the diſc, and there will be a partial eclipſe. / And if Ce be leſs than Ce 
E On ER and where this 
on" eee | 44 eee eee, e 5 
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TROp. vl. If the moon, when. BEE? 1s 5 in one its nodes the 6 | -Y 
eclipſe of the ſun will be be,, 1 5 Tt | | 


145 4} 51-8 | 
Fur en this cinters/of-ahs Geh . being all in ce pas of th e. | A 
the comer of de moon will ul erorn th uns center, and that of the earth, . | „ 


Scholl. 1. The penumbra of the moon in cate clip will ot cover the whole : 
diſc of the earth. _ __ 411 1 
— of the' moon's peaumbes; <tuia# Walidt" FW WO" s ; £ | 
ſemidiameters of the ſun and moon, that is, about 10, 23" + 15', 37". or 3A, at the | VVV 
medium; its diameter is about 64. whereas the diameter of the ary hs in whe Fg | * 
whence the nem cannot cover the whole diſc. . 


Scholl. 2. 1 Wee eee 24 e nets Ge Os 1 1 
* The ſemiangles of the earth's ſhadow, and of the moon's ſhadow, being eg 1 
equal to the ſun's apparent ſemidiameter, the angles are equal to one another, and theſe 
cones are ſimilar. Therefore as the ſemidiameter of the baſe of the earth's ſhadow (that is, | 
of the earth) is to the ſemidiameter of the baſe of the moon's ſhadow (that is, of the noon), 
fo is the height of the earth's ſhadow to the height of the moon's ſhadow. Now the 
femidiameter of the earth is to that of the moon nearly as 100 to 28, and the height of 
the earth's ſhadow! is about 217 ſemidiameters of the earth: whence the height of the | 
nous halow e to abou bo} nina of te and en 7 17 2 


+ nearly... „„ HHH e an W 
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. LX. An eclipſe of the fun” is aid to 105 1 3 . 


che time 5 ton s of. e ſup appears, round AGE „ 
the moon. * bach keit : \.*3 x 4:364kt 3 © Y ibn 2 : +4 1808 79 a 
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RO evn. N centre? 5p uf e rel KIN 
if the diſtance of the moon from the earth at IN p 
be giptics 0025 an Re: ff ien 


et 57 too wh e 3b LL Fe od iow * 1 

81. beings the ſun, TR che moon, 'TAR the moon's ſhadows and EA 
this ſbadow, which. is: about 60}. ſemidiameters. of the earth; if; at ; the tis r e 
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OF ASTRONOMY.” BOOK v. PARTI, 


eclipſe -PN is à part of the ſurſace of the earth, thoſe who live in the parts PV, MN, 
being in the penumbra, will (by Prop. -XCIX.) ſee a partial eclipſe; and thoſe: who 
live between V and M, being in the ſhadow, will (by Prop. XC VI.) ec a total eclipſe. 
But if the diſtance of the moon from the earth be equal to. EA, or 604 ſemidiameters of 
the earth (which is the moon's mean diſtance) A will be the only point from which the 


_ eclipſe will appear total. And if the moon's diſtance be greater than EA, as EO, the 


ſhadow not reaching the earth, there will be no total eclipſe. Conſequently, though a 
ſpectator at O would ſee a central eclipſe (becauſe the centers C. E, are in the fame line 
with the point of viſion $), 50 ul cctipſe would not be totaly: becauſe the ſpear is 
not in the ſhadow of the moon. Hence it muſt appear annular: for det ORK be 'a 

to the moon drawn from the eye at O; and it will fall upon the ſun at X, and the 
part XL of the ſun will be viſible: in like manner, 5 of the ſun equal to XL will be 


viſhle all round the moon, forming a ring. 


Cox. Hence it appears, that in an annular eciple- it is the « penumbra of the moon which 
falls upon the earth. 5 


* . 


Der. LXI. The Lunar Ecliptic Lane is the * e that 1 


moon can. be at from one of its nodes, without being eclipſed at the 


time of oppoſition: the Solar Eeliptie Limit, is the leaſt diſtance the 
moon can be at from one of its nodes, without ape the ſun at the 


| de eden. 


- PROP. CvIII. The ſolar ecliptic limit is greater than the lunar. 
By Par. cv. it is Phat y that 92 is the leaſt Eine oy the moon En have, yi new, 


Without eclipſing the ſun. If, therefore, Ne be the diſtance of the moon from the node, 


when its latitude, or C, is 92. in the triangle CcN, the angle CN being a right angle, 


| becauſe C is perpendicular to the plane of the ecliptic ; the angle NC being about 5. 300. the 


inclination of the moon's orbit to the plane of the ecliptic ; and the ſide C being 92”. Ne will, 
be found by trigonometry to be about 16*. In the fame manner, ſuppoſing Cc. the latitude 
of the moon to be 61”. according to Prop. LXXXIX. the length of the fide Nc, or the 
nns amen 


44132 


Con. K 
the ſun will be eclipſed, if, when the moon i is new, it is within 16. of one of the nodes, 
but the moon only when at the full it is within 12%" of one of the nodes 3 the ſum way be 
| eclipſe while the moon is in 64 degrees WII e e 


degrees of its orbit. 


Scho, 


rann or THE: MOON. ! 1 
-$CHOL, — 88 | 
at the time of the eclipſe ; becauſe that part of the moon on which the ſhadow of the earth _ 
falls, muſt appear obſcured wherever the diſc of the moon is viſible But the fun maß 
be eclipſed, and yet the eclipſe be inviſible in places te Wich the ſun is above the horizon, 8 - 

becauſe there can be no eclipſe of the ſun, except_in_thoſe parts of the earth which are 
within the ſhadow or penumbra of the moon, and neither of theſe are large enough to 
cover the whole diſc. Hence, in any given place, more eclipſes of the moon than of the 
ſun will be ſeen in a courſe of years: for though there are more eclipſes of the fun than 
of the moon, many of the former are not viſible at any one place. while the ſun is above - 
hem OCR are e viſible at the ſame place, while the;woon is above. the | 


: PROP, CIX. | Whan abe esd ie er ths Aſt | of : FR * is 
moving towards the tropic of Cancer, the time pe its tiſing will vary 
but little for ſeveral days together. % ne bj 7 . 


16 ths (won ee e its | aiotienis bs de which it deſcribes 

a revolution, in reſpedt of the ſun, .in-29 days 12 hours, would carry it every day eaſtward 

from the ſun about 12*. 11/. whence its time of riſing 4vould vary daily about 30 minutes. 
But, becauſe the moor?'s orbit is oblique to the equator, nearly coinciding with the ecliptic, 

different parts of it make different angles with the horizon, as they fit or ſet, thoſe parts 
which riſe with the ſmalleſt angles ſetting with the greateſt, aud the reverſe. © Now the 

leſs this angle is, the greater portion of the orbit riſes, in the ſame time. Conſequently, 
when the moon is in thoſe parts which riſe or "ſet with the ſmalleſt angles, it rifes of ſets 

with · the leaſt difference of time, and the reverſe. © But in northem latitudes, the ſmalleſt © 

angle of the ecliptie and horizon is made when Aries riſes and Libra ſets; and the greateſt” 
when Libra riſes and Aries ſets; and therefore, when the moon riſes in Aries, it riſes Wich „N | 

the leaſt difference of time. Now the moon is in conjunction in or near Rien when hs 

fun is in or near Libra, that is, in the autumnal months; when, the moon riſing in Aries, e 3 

-whilſt the ſun is ſetting in Libra, PPTP ˙¹ꝛÄ OR TON 7” 5 1 
6 days in the latitude of London. This js called the harveſt. mon. 7 


Schorr. . wy we ES „ 3 
time of full moon, there is no notice taken of it. When the moon's right aſcenſion is : "a 
equal to fix ſigns, that is, when ſhe is in or about the beginning of Libra, there is the : FF 
greateſt difference of the times of riſing, via. about an hour and 15 minutes. Thoſe ſigns F 
which riſe with the leaſt angle ſet with the greateſt, and the contrary ; Saran, WHO Whey" EI LES: 
rr ͤ ß ene 81 85 
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"The following table ſhews the daily mean difference of the moon's riſing and ſetting, on 
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.PROP. CX. 5 1 agel is at its greateſt 3 from its primary, 
When a line drawn from the earth through the Ws, is a e to 
Oy orbit of the ſatellite. 

as A 4 0 #7 

Let FIE Ur Part 57 the orbit öf 

5 Gun, KGNL the orbit of a ſatellite. 1 the earth is at X, and the ſatellite at L or N, fo. 


that a line XL or XN drawn from che earch, is a tangent to che atbit KGNL, it may 
be ſhewn, eee ee m that L or ans 1 ation of the 
ſatellite. : 
To HOT ets re” ot GG 


PROP. CXI. Any abel. 


2 4 71 FL! 21 2 vd 1 


Primary, When the fate] 8 
in mme _ the er e . the ſatellite and 775 
e D. 223 nent 9 ne #957 70d nk 3s. a es id 13 oor 8 
94 Th pets 1 10 EW + 322 BW tea) * 2 V i 2 5 r 25% aint 2 5 

4 - If the earth; is.at X, 2pd the planet; at, Gillian: ſatellite will bein conjunction . 
with its primary when they both mmm ME ct h 1 
at M, and its ſuperior at V, A 2] 75208 . 

. 10 8 3 8 8 is n N | x. > 0 £ A+: , 


RO. II. The apparent motian of, 7 Cale. 5 rf N 


Of the og 97 N SATURN, , and the 5:7 


llite- tage bn e ee a 


21 a 2653 
. r eiae AX BT. the 2 e 


from its greateſt elongation on one tide of its primary . the } 


tion on the oth fide® is 


. fe on of 543} 02 ker 7555 ad not 


ſuperior yg to its greateſt elo 
tet" fe #1 Fours on 0 Aab wi fe Wel wd? 
| TP IF 1 18 65 63, ui mg Fig An A uw 29k Sib 4 4 d 


As che fatellite 158 from;N; PIP i on one. ſide; ;chaqugh'V its. ſuperior | 


conjungi an to I., its geocentric motion is from welt to caſt, or in conſequentia, as was 
N 1 6 [ning the. planets. ele 32 40th eee bia Pf r $2 77-3 2111 111 35% 
o ent; 2354 ach, NI WI te ad gien theack) Tiabονο t Ir ech e eee e eee 
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OF ASTRONOMY. bor v. rare 1. 

PROP. CXIF. The apparent motion of any ſatellite, as it paſſes from 

its greateſt elongation on one ſide of its primary through the inferior 
conjunction, to its greateſt elongation. an the other fide, is- retrograde.. 


As the fatellite paſſes from L through M to N, its grocenric motion will be from eaſt . 
welt, or in antecedentia, as was proved concerning the planets. 


Con. The fatellites aro ſometimes e to the. e of dei 
primaries. 
- PROP: CXIV. The greateſt doogatons of « fi on ch Gd 


— can, tht hangs LT, NA, ar equal with rel 


| the farellites, 


Cen. . the ſatellites an cn 0 mary fo hin 


PROP. CXV. The ſatellites 1 Saturn, and the Herſchel, 


__ are eclipſed: by their reſpective primaries. - 


Tbe planet I being an-opaque body, cafts a ſhadow IV, 1 Therefore,. 
when.one of its ſatellites in deſcribing the arc HOP comes. to H, it will be eclipſed by falling 
into this ſhadow. If the earth is at B in its orbit, a ſpectator from the earth will loſe ſight 
of the ſatellite, when it is thus eclipſed at V; and then, as it emerges from the ſhadow, it 


| r N ee _ | 


pes bat alagemmet erected TEO 


PROP. CXVI.- When one of the ſatellites poſs between. the ſun | 
and its primary, It eclipfes the fun. 


_ Afatellite at M will be Hoi ao ne IAG 
fun on that part of the primary where the ſhadow of the ſatellite paſſes, which ſhadow will 
appear as a dark ſpot on the diſc of the planet to an inhabitant of the earth. 


- Senor. Dr. Herſchel, about ſeven years ago diſcovered, that the fifth fatellite of Saturn 


| in ie bee e e . he the our mood obeys, th l ie cars wand l. 


axis in the ſame time in which it revolves about the planet. Hence; the doctor thought it 
natural to conclude, that all the ſecondary planets might be governed by the fame laws to. 
which thoſe are ſubyect. This theory be thinks confiderably confirmed by certain obſervations. 
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CHAP. „ 0 THE SATELLITES. tt 


mikich he made te liz of Japan which eue the Ryu c 
Jus I, 1797. | 66% TR N4G 253 75 

The Gllowing able will gine/che periaticnt dans hh and 
the angles under which their orbits are ſeen from the earth, at its mean diſtance from 
Jupiter. 1 : » | | 2 : | + | 
5881 | Sallie, | Days, kh. min.” + | Dig. inmiles. due et orbit. 

8 1 18 26.5 — 266.00 . 8 

. 3 18 27 gy 423.0 S | . 

1 18 „ es en 1 

es Gavilan of e, - ee e eee 
of Jupiter from the earth. (2.) They afford a method of demonſtrating that the motion of 
light is progreſſive, and not inſtantaneous, as was once ſuppoſed. See Prop. CXVII. And 


| 


+> 41 


r ts. doen; ton Gr RES 0 BER: 


Jupiter, in aſcertaining the longitude of different places on the earth. GA 
Ex. Suppoſe two obſervers of an eclipfe, the one at London, the Aus et 

longitude is found. Thus, if at the Cape, of Good Hope, an eqerſion.of a fatellits is ob. 

ſerved at 10 h. 46' 45” apparent time, and the ſame is ſeen at Greenwich at gh. 33 12, 


the difference of which times is. 1 h. 13/38" the lngnal of heaps , G | 


in time, or 18 23 15%. _ OED = 


Good Hope, the eclipſe will appear to both at the fume moment of time; but being ſituated 


2 The third fatellice @ 08 gt of dl the flat vr 4 
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— wenn diorerdby. De. Herbal je yours py na 488. 
To prevent miſtakes, be calls them the och and 7th, though nearer to the planet than the 
cher five, | Dr. Herſchel obleryes, that Saburn has probably” a-confderable ntwolphere. It.- 
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n wil be Bardiy nite 
« petiods depends entfrely upon t. the truth of the afumgd' diſtances; Tome  confudergble if. 


< [ferenice; therefore, may be expecbed, when obſervations ſhall eig us with proper data 
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0E ASTRONOMY. | nook v. rar 1. 
turns on an tis perpendicular to the rings} in 10h. 160.44. and. is flattened at the poles, 
ſo that the equatorial diameter is to the polar as 11 to 10. Phil. Tran, Vol. 80, Part I. and 
II. and Vol. 84. 
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Dr. Herſchel! has at different times diſcovered ſix, fatelliges belonging to the new planet, 
two of which he deſcribed in the th and. 78th ols. &f; the Phil. Tranſ. where he ſays, 


« I confeſs, thatgthis ſcene appeared to me.awith additional beauty, as. the little ſecondary 


& planets ſeemed to give a dignity to the primary one, which raiſes it into à more conſpi- 


10 1 grout bodies in aur ſyſt em. 
ne lo t rr | ngemene of the fix fatellites, HAT . 0 2468411 4 4 ; 
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en off eg rp: 17 38 os 7 &; 175 92 T. (4, 
3 — Mar. 267 170 uk 0 10 23 S 1 15 12 5 1 ( 131! 152 ü 


K fi +3 — „Aan. 1, 2787 n * 13 212% 1 Ar 1 
1 2 d = 70 Feb. 9 70900 N 1 8: 7 Ts 49/25 2@., 91 5 


b 155: we ad * rie: 16 10 a 5 55 ber 
cry aps" Dr. lerkebel, 4 is ldd, thüt the accuracy of thi 


<« for more accurate determinations.” See Phil. Tranſ. 1798. . Gt 
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PROP. CX VII. A ray of light i is about H-minutes-in incoming fm | 


the ſun to the carth. 


gu re! | 
Let A be the fun, BEC B the earth's orbit, Pe 1 Ter and HNG the orbit of 


its inner ſatellite Det FGH repreſent the ſhadow of Jupiter. While thé ſatellite is be- 
tween H and Gg de eclipſed; when it comes td H, I emerges, and becomes viſible to a 
ſpectator at B. From comparing the timès of he apparent entrance and emerſion of the 

fatellite, with tablet calculated for the meat diſtarices of the earth from the ſatellite, the 


viſible emerſiom un dur Leaſt diſtance is Yourl® to hippen Sbut 8 minutes ſooner; and at the 
greateſt diſtance about g minutes later man by the tables # conſequently, the ray of light is 


about 16 minutes in paſſing through HH ere orbit, or 8 e ine nenen 


to the earth. 99-7! „ rar OPS Ie p | 
Cons. The den- ot the ere oli being 19 0 t ahtoity of Reh 
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"PROP: Cx VIII Jopicer ls ſurkobndtck by doudy {ibſtances, bien „ 
to frequent changes, in their, fituation,.arid appearance, called his Belts, PE 


Saturn is encompaſſed: with a, Ring whoſe greateſt apparent diameter, 
is to that of the platiet as 9 to. £L t 99 bark is Sdoly a 25 ant 13246: 


Sade GALE 
Theſe are known from obſervation. | The Belts of Jupiter are ſometimes of 75 3 Plate 10. 
form; ; ſometimes interrupted and broken; and imes not at all to 50 ſeen. The plane Fig. 15. 
of Saturn's ring is inblined to the plane of the ecliptic. at an an gle of 31 | degrees; which _ 
appears like two arms to the planet, and which is only viſible whe "the ſun earth : 
are both ap the ſame fide, of its plane. On account of Its inelinetichy, ir abraye appehrs „ 
oblique to the eye, and therefore elliptical g hence, che pant behind Babu is invidible/; ahb 
the part before cannot be diſtinguiſhed, from. the phanct.;; —— cet 2 
be viſible when the ſun's rays are reflected from its broad een eee nen 5 EEE F- 
the ſan. and the earth are hoth on the ſame ſide o the plane of the ring Elle 4 
Ih be latter diſcoveries of D. Herſchel. have ſhewn;.that; what: was ſuppoled-t9 be a) ſingle 1 = 
broad flat ring of Saturn, is divided into two parts, lying exactly in the ſame plane, and 2 
reyolying about an axis perpendicular to that plane, in Ioh. 32 IS ld I he dimenſions of- 1 5 
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-Scuot. Comets thus heated, muſt retain their heat a very long time. For a red hot 
globe of iron of an inch in diameter, expoſed to the open air, ſcarcely loſes all its heat in an 
hour; but a greater globe will retain its heat longer in proportion to its diameter, becauſe 
the ſurface at which it grows cold, varies in that proportion leſs than the quantity of hot 
matter. Therefore, a globe of red hot iron, as big as our earth, would ſcarcely-cool\in; 
e 2 EN | 2 


- "> 4 Thee comets deſcribe very eccentric pte about the | 
un, placed in one of their foce. _ 
„„ 


deſcribe paths in the heavens, which agree with elliptic orbits: it is therefore moſt probable, 


that agreeably'to the general analogy of nature, they move in ſuch orbits, and have the 
fun in one of the foci of the ellipſe. The calculations framed upon this ſuppoſition, by 


Which the returns of comets have been foretold, having, as far as obſervations have been 


RT ey ax pms Wy ir Greg Foe. 
poſition. | 
ScHoL. 1. . rb Gs os onde called the tail, which 
is conjectured to be ſmoke riſing from the body in a line oppoſite to the ſun. The body af 
the comet is ſuppoſed to be furrounded by an atmoſphere; the ſun is alſo ſuppoſed to be ſur- 
rounded by an ether, or a ſubtle fluid, extending to a great diſtance from the fun, which 
may be conſidered as the ſolar atmoſphere. From the heat which the comet has acquired 
by approaching towards the fun, and by the reflection of the ſun's rays from the ſolid body 
and atmoſphere of the comet, the parts of the folar atmoſphere where the comet paſſes are 


more heated, and conſequently more farcfied or fpecifically lighter than elſewhere. The 


parts thus rarefied will be put into motion; and fince there will be a conſtant ſucceſſion of freſh 
portions of the ſun's atmoſphere within that of the comet, there will be a perpetual ſtream 
of this rareſed matter. This ftream will impe! the particles of the gomet's atmoſphere, - 


and make them move along with it, thus producing the ſmoke which, reflecting the ſun's 
rays, forms the viſible tail. And this ſtream of rarefied ſolar atmoſphere will move thoſe = 
parts of this atmoſphere which have the kaft ſpecific gravity, that is, directly from the ſun, 


Schnoor. 2. Of all the comets, the,periods of only three are known with any degree of J 


certainty. The firſt .of theſe comets appeared in the years 1531, 1607, and 1682; and is 
expected to appear every 75th year. The ſecond of them appeared in 1532 and 1661, and 


was expected to return in 1789, and every 129th year afterwards. The third, having laſt 


appeared, in 1680, and.its, period being no leſs than 575 years, cannot return until the year - 


2225. This comet, at its greateſt diſtance, is about xz thouſand two hundred millions of 


miles from the ſun; and at its leaſt diſtance. from the ſun's center, which is 49, 00 miles, 
is. within leſs than a third part of the ſun's ſemidiameter from his ſurface... ane 
nee it moves at t f 147 


3 


CHAP; en.. 5 OF. 'CO ME 5 


Scuol. 3. The comet in 1680 coming ſo near the ſun, muſt have 3 


e by the ſun's atmoſphere; and therefore being attracted nearer at every revolution, it 
will at laſt fall into the ſun, and, perhaps, be a freſh ſupply of fewel for- what: the ſun loſes 


by its conſtant emiſſion of light. In like manner, fixed ſtars, Which have been gradually | 


_ waſting, may be ſupplied with freſh-fewel, and thus acquiring new ſplendour, - may paſs/for 
ne ſtars. Of this kind are, perhaps, thoſe fixed ſtars which appear on a ſudden, and ſhine 
with a wonderful brilliancy at Sw and then vaniſh. by I 00 is the 1 of 
e ee Newton. N 


Scho. 4. Dr. Halley, who faw the edel u which uy in 4 60, 6 Sure "OY 


there are many things which make me believe, that the comet which APtan faw in the 


year 1531, was the fame with that which KeyrLitn: and LoncoMonTANUS more accu. 
rately deſcribed in the year 1607; and which I myſelf have ſeen return, and obſerved'in'the | 


year 1682. All the elements agree; and nothing ſeems to contradict: this opinion beſides the 
inequality of the periodic revolutions ; which inequality is not ſo great, but that it may be 
owing to phyſical cauſes. For the motion of Saturn is ſo diſturbed by the: reſt of the planets, 


eſpecially Jupiter, that the periodic time of that planet is uncertain for ſome whole days 
together. How much more, therefore, will a comet be ſubject to ſuch like errors, which 


riſes almoſt four times higher than Saturn, and whoſe velocity, thou gh increaſed but very 


little, would be ſuffcient to change its orbit from an elipſe to a parabola. And 1 am the 


0 confirmed in my opinion of its being the ſame; for, in the year 1456, in the ſummer- 
time, a comet was ſeen paſſing retrograde between the earth and ſun, much after the ſame 

2 which, though nobody made obſervations upon it, yet, from its period, and 

manner of tranſit, I cannot think different from thoſe I haye, juſt now. mentioned. . 


dince looking over the hiſtory. of comets, I find, at an equal interval, of time, a comet to 7 


| have been ſeen about Eaſter in the year 1305, which is another double period of 151 years 


before the former. Hence I think I may venture to foretel that it will return again in the 


year 1758.” 
Dr. HALLEY computed the effect of Jupiter upon this comet in 1682, * found chat it 


would increaſe its periodic time above a year; in conſequence of which, he predicted its 
return at the end of the year 1758, or the beginning of 1759. M. CLAIRAUT computed | 


the effects of both Saturn and Jupiter, and found that the former would retard its return in 


the laſt period 100 days, and the latter 511 days; and he determined the time when the 


comet would come to its perihelion to be on April 15, 17593 obſerving, that he might « err 


a month, from neglecting ſmall quantities in the computation. The comet did paſs the 


perihelion on March 13, within 33 days of the time computed. Now, if Dr. Hatter 


meant the time of its paſſing the perihelion, and we add 100 days for the action of Saturn, 


which he did not conſider, it will bring it very near to the time in Which it paſſed the 
perihelion, and prove his computation of the effect of Jupiter to have been very accurate. 


But if he meant the time when the comet would firſt appear, his oa eb gn | 


2 dor ee firſt ſeen on December 14, 171 Dr. Halley, therefore, had the © glory; "lin 


Qq” / Wl | 0 to + 
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to ſoretel the return of a coinet, and the event anſwered, in a remarkable manner, his pre- 
diction. He farther obſerved; that the action of Jupiter, in the deſcent of the comet towards 
e AN WOT OE > eee eee ite tbc x het Geeta 
the inclination in 1682 was found to be 22“ greater than in 1607. 

.. V bs EDD ob eve dren the ing: Which: appacenl} fn. 
1106, 531, and 44 years before Chriſt. He alſo conjectured, that the comet obſerved by 
Arian, in 1532, was the fame as that obſerved by HzveLvs in 1661; if fo, its period 
was 129 years, and it ought to have returned in 1789, but it did not appear. M. Mzcxam 
having collected all the obſervations in 1532, and calculated the orbit again, found that it 
differed materially from that calculated by Dr. HALLEr, which renders it extremely doubtful _ 
. ame 
appearing in 1769. 


Scnor. 5. e e er Gratis p dis cates, it is probable, curl vs ths 
beſt accounts, that there have appeared about 500 comets. Before that time above 100 
others are recorded to have been feen, but it is probable that not above half of them were 
comets, And when we conſider that many others may not have been perceived, from being 
too neat the fun ;—from appearing in moon light;—from being in the other hemiſphere ;— 
from being too ſmall to be perceived; or which may not have been recorded, we might 
imagine the whole number to be conſiderably greater; it is, however, highly probable, that 
of the comets which are recorded to have been ſeen, the fame may have appeared ſeveral | 
Hines, and therefore the number may be lefs than is ſtated. Miſs Caroline Herſchel, che 
Wunden 95 difbovend fend! dee within" the kt "15 your; were or 
Which are in the different volumes of the Philoſophical Tranſaftions. 


A ang is re rior pare home boner eye Ihe acoder kg 


— Z ,-4 2 9 4 ** 7 ö * 2 * - . * 5 * » 
x 4 EK „1 1 4 * *. 4 4 } *& 3 — ft Kd. —_— 4 di % a + 4 * E 4 , 4 4 
y 7 - * , . . 
- x * 
6 ; 4 Ex . # 
bs 4 
: 0 5 o * * * * 1 F : * 
52 K - * q d [ 5 8 * ” A FOX * 7 % | : $ 
0 5 , . „ * © - 4 — 2 * - .* $ 4 f 4 3 - ? - þ - 
* 5 7 of l { * 8 1 % 1 . = : 
Wo * * ” * — "x" £ * * 2” 7 1 bs 1 wt, 
<2 
C4 * ” N F * 5 5 = 14 4 
A 80 5 685 | 
ux. | 
& + 
FO * 


PROP. CXXI. The gos which appear upon the un's ' die der 5 
o its ſurface WT 
IF one of theſe ſpors appears upon the eaſtern id RES es 


| from thence towards the weſtern edge, and arrives at the weſtern edge in about 133 days. 


Here the {pot diſappears; and in about 134 days more, it is ſeen again upon the eaſtern, edge ; 


and fo continues to go round completing its apparent revolution in 27 days; during one half 


WIN e e NIN: of. hr Gon, ac ring th whore per 
65 * ; | | yy | winch 


CHAP. vrrt. n OF THE SUN,” 
which could not happen, ir dhe pott did noe adbeve co.the Hirteds of the U Let A be the 


center of the ſun's diſc, C. its eaſtern, and D its weſtern edge; HEG the otbit of an Plate 10. 
opaque body moving round it, and B the eye of the ſpectator at the earth. If two uns 


BD and BC are ſuppoſed to be drawn from the ſpectator's eye B, ſo as to touch the fun 


at D and C, then DBC, the angle contained between theſe lines, is the angle under which | 


the ſun's diameter appears to a ſpectator on the earth. EG is the only part of the ſuppoſed 
body's orbit that is within this angle DBC, and conſequently, if the body was in any other 
part of its orbit, except EG, it would not appear upon the ſun's diſe. But EG is leſs than 


| half its orbit; and the body would not take up half the time of 4 revolution to. deſcribe 


EG. Therefore ſuch a body would not be ſeen upon the ſun's diſc, 25 the ſpots are for half 
the time of a revolution. But if the orbit HEG is not greater than LDFC, or is cloſe to 


the ſun, that is, if the ſpot adheres to _— OLA then half its orbit DFC, will be 7 


within the angle DBC, and conſequently, the ſpot will appear upon the ſun's diſc during 
one half of its revolution; but during the other half of its revolution, whilſt it deſcribes CLD. 
it will diſappear, becauſe then it will be behind the ſun, and ſo will be concealed from of 


Fri P Ty 4 3 
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PROP. CxxII. The fun is a ſpherical body, which re revalues OO 


its axis from weſt to eaſt. 


The ſpots which appear in che FI 3 to. its ue (by Erg xx 


theſe ſpots revolve ; therefore the ſun revolves round its axis. . 


ee dp „ ee e aun 2n; a A 


to be a flat bright circle: bat al the ep tf © 0p APE AOAPRIOOE ION 
a ſphere: therefore the ſun is a ſpherical body. 


| ScHoL, A real revolution of a ſpot, and conſequencly of the fun round its axis is coms 
pleted in 25 days, two days leſs than its apparent revolution, in e eee 
meties in Jt Sib in tos Gone Gr PE RE 1 


PROP. CXXIII. The axis of the ſun is id to the plan of the 


ccliptic. ta x4 5. aan TY Pr 12 . 


Labs = 


3 Abe 2 1 ann ah 3 with its 
equator, or parallel to it. If therefore the ſun's axis were perpendicular to the plane of the 
y ecliptic, the plane of the ſun's equator would be in the plane: of the ecliptic; and a ſpec- 
 tator on dhe earth, , whoſe eye is jin che gcliptic, would ges the ſpots. deſcribing Tight lines, 
: either in the ſun's; equator, or parallel to it: but che ſpots. are ſometimes ſcen to deſeribe 
lines oblique to the plane of the ecliptic; therefore the axis of the ſun is inclined to the 


lane This inclitarion is Cb rwe to be an angle of about B2 } degrees. 
; al | W 


* 
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When te ft equa craſs the pane of th ue, the ſpots en wo deſde a. 
lines parallel to the ſun's equator, Fg ; 


Scho! The following particulars reſpekling the ſun are relatol by Sir I. Newton, 
Ee That the denſity of the ſun's heat, which is proportional to his light, is 7 times as 
great in Mercury as with us, and that water there would be all carried off in the ſhape 
of ſteam, for, he found, by experiments with the thermometer, that a heat 7 times greater 


than that of the ſun's beams in ſummer will ſerve to make water boil. 


2. That the quantity of matter in the ſun is to that in Jupiter nearly as 1100 to 1, and 

that the diſtance of that planet from the ſun is in the ſame ratio to the ſun's ſemidiameter; 
0 that the center of gravity of the 9906 Jupiter is nearly in the ſuperficies of 
| = That the quantity of matter in the ſun is to that in Saturn as 2360 to 1, and that 
the diſtance of Saturn from the ſun is in a ratio but little leſs, than that of the ſun's. ſemij- 
diameter. | And hence the common center of gravity of Saturn and the fun is a little within 
the ſun. 

4. By the fame method of calculation it will be found, that the common center of gravity 
rc 
center of the fun. _ 

5. The ſun's diameter is equal to 200 dianieters of the earth, and therefore its magnitude 
muſt exceed that of the earth one million of times. | 


6. If 360 degrees (the whole ecliptic) be divided by the quantity of the ſolar year, it 


will give 597. 8 “/. which therefore is the medium quantity of the ſun's apparent daily mo- 
Bon ; hence his horary motion is equal to 2. 25”. By an ee ene e of the ſun's. 
AA c N 
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Of the PARALLAXES, DISTANCES, and MAGNITUDES of the 
_ HEAVENLY BODIES. 


- Dex. LXII. The Parallax of the heavenly Fe is the 3 of 
| their apparent fituation with weer e to wow none; as the ſ decker views. 
them from different ſtations. | 5 


Dar. LXIII. Tbe Diurnal Le . 
apparent place of a heavenly body, as viewed from the ſurface of the 
carth, and its W place, as Lak from the center of che earth. , 


1 | 1 | oy 


* . | | 
cus: Kl. OF. PARNEEUARES// &. 
Let DAB be the earth, C its center, A the ſtation of a ſpectator on the ſurface of the Plate % 5 
earth; and F, G, H, different places of the moon, or any other heavenly body: TO, Fig. 17. - | 'F 
NM, LI, are its 1 — r THO, or AHC; MEN, or el Re. W „3 
9 parallax; . ; 4 1 2 2 „Bill 1 1 Wee, 2 


SCHOL, If a ſpectator i in his firſt ſtation at A, ſees: A plaget at G, its 8 place i in 
the heavens will be N; if now, by the diurnal rotation of the earth, he comes into the 
ſtation P, the planet will appear at M, which is the place in which it would have appeared N 
if viewed from C the center; thus, in all caſes, the parallax which ariſes from the diurnal _ Gn 
motion is the ſame which would ariſe from a change of ſtation from the ſurface to the center 
for in either caſe, the change of the ſpeRator's line of view is the ſame. "Hence appears. 
| the propriety of the above definition of the diurnal parallax... | 


# 
1 * "5 8 4 4 2725 
3 F - A 1 4 r 
Uh 
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PROP. cxxIVv.. The parallax 2 85 amy pling” is 1 a proportional pe 
to the angle which a ſemidiameter of the earth, drawn from the ſtation 
of the ſpectator upen the durfen rr enter, would fubtend, if viewed 


I "I 
4 4% 2 5 9 2 1 * # Pa 
* 5 L 0 341 . my 3; * et * 5 0 2 


from the planet.” V 


* f r „„ 
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4 ede bed abe een e,, 
the mies of the faifaior fond e-Cyithe dine af eee whence TO F. . 
will be the parallax.” But TO ſubtends and is proportional-to//THO, or (EL I. ee 
eee, NG. 


2 1 ; 447, 2%! "# Jag 25 3 I 


© PROP. v. The parallax of a planet depreſs its apparent phe, 
by the parallactic arc. 4 l 13 


Ag ep be we ed . re e egg 
v mee vertex dn, by 00 PERM OY 28 leu Fig. 25%. 


Wben the altitude of a body i is obſerved, it alk. be 8 by call ail 4 g 
FR; adding the former, and ſubtracting t the latter, in order to get the true altitude, or 
che altitude aboye the TOW horizon at the center, of 5 earth. of table of refractions, 
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PROP. CXX VI. b. um e,, 
diſtance from the earth, is greateſt when the eur is in the horizon, N 
and decreaſes as the altitude of the Planet increafes. 0 „ 


n # 


The parallani(by:Props CITING) in e in Wei which-AC. 8 
& ſen from the planet H : but this given line, viewed from the nnd diſtance of the planet, „„ 
” 2 | F: q ; would: 1 - * 


* * £ - 
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eee A ana eas (by Book IV. Prop. LXXIIL.): as 
tze degree of obliquity at which it is viewed increaſes, that is, as the planet advances 
from H towards E; therefore the parallax is greateſt in the horizon, and decreaſes as the 
planet approaches the vertex. The en wagle AGC un marco the and AFC 
leſs than AGC. | 


PROP. etw. "To find the parallax of the moon, or any planet. 


be 20. 6 lol nn r e 
Fig. 18. pole; V the vertex; E the apparent place of the planet, as ſen from the ſurface of the 
earth, and S its place, as ſeen from the center: then ES is the diurnal parallax in the ver- 
tical circle VE. Before the planet comes to the meridian, obſerve its altitude, -at E, above 
the horizon, whence the complement of its altitude, VE, will be known: at the ſame time 
obſerve its diſtance from the meridian, or "its azimuth, EVM. Aſter the planet has paſſed 
ce meridian, obſerve when it has the fame altitude as at the firſt obſervation, that is, when 
| eis equal to EV. Now, if E is the apparent place of the, planet when at the time of the 
N | firſt obſervation it is viewed from the earth's ſurface, and 8 would be its place, at that time, 
if viewed from the center; and if # is its apparent place when viewed, at the fecond obſer- 
vation, from the ſurface, and s would he its place, at that time, if viewed from the center 
che parallax ES is equal to the parallax es, ſince the altitude was the fame at both obferva- 
ions, and conſequently SV is equal to V. 80 that if PS is the ſecondaty af the equator 
which paſſed through the planet at the firſt abſervation, and Ps the ſecondary which paſſed 
through it at the ſecond obſervation, the planet, between the times of the firſt and ſecond 
obſervation, muſt have deſcribed the arc Ss in a. circle of daily motion. From the timo 
which has paſſed between the two obſervations, the arc Ss (by Prop. XXVII.) may be 
ſound, and conſequently the angle SPs. Now, becauſe the angle EVM is known, PVS 
its ſupplement to two right angles is known: and, becauſe at the two obſervations. the 
planet was at equal altitudes, that is, at equal diſtances from the meridian, the meridian 
| biſects the angle SPs, which is known; whence its half VPS is found. Alſo, if the lati- 
- Tulle of the place be known, PV, the diftance of the elevated pole from the vertex, or the 
complement of its diffance from the horizon, that is, (by Prop. III.) the complement of 
latitude is known. Therefore in the ſpherical triangle PVS, two angles and one fide are 
known ; whence the length of SV may be determined. Take SV from EV, which is 
ene eee, e ett, wil fe (une, een 
| | has been-found to be 57. 117. 1 
„ . l 
| 
[ 


conjunction with it, croſs the meridian at the fame inſtant: obſerve the ſame planet and ſtar 
after three hours, and remark how much ſooner the planet reaches a line placed perpendicu- 
e e Argent" VCCCVVVCCCC rock 
ic 421 45 55418 1165 n n 11 4 12 * 2; degrees 
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degrees be to the arc which ſabrerids the angle of the parallax whence 1 the wee nnd ung 
 willdeknown. © Ul ox 555 25 | 0 

J LC 2234-366 E JE: 498 [ % e B34 36 2111 
PROP, exxyun;” An WH 
nyt other parallax... .,/ 1 e i 


The parallaQic angle AFC bent fes it is « eee e Ane. ia: 
meaſured the angle ZAL, let the angle 2 ZAH; the apparent diſtance of the planet from the . 2. 
Zenith, be le clad. "Then, in the riangle CAF; the ſme of the angle CAF is to 
the fine of the angie CA, as the de C n to the fide Ac, Again, in the triangle CAH, 
the fine of the angle CAFF 1. t0 the füt of the angle CHA, as CH is to AC: But CH is 

1 therefore the ſine of che angle CA is to the ſine of the angle CFA, as the 

angle CA is to the fine of the angle CHA: i 


— * 


12 ea the rt, aue, the angle TRA, e be found. 2 habe CAS re TT 


4 4. 


FRO off xxx. At 2 given altitude of different planets; their 
ee Ny 
. bl 1 Fable 


planet be at /; where ahi 9 nd nar geen 
Pro t the planer F is viewed from, A at the ſurface of the, earth, the line of » 
view is Afr, and r is its apparent place in the heavens : viewed from C, its | 
Tren whence, its parallax (by Prop. CXXV.) is . In the fame manner 
it may; be ſhewn, that 75, which is Jeſs than 77, is the parallax of the planet b. 06 (of 
Prop. CXxIV.) the parallax of each planet is proportional to the angle which AC would 
ſubtend, if viewed from the planet: and, firice AC is given; and al the degree of bbq, 
at which it is viewed, the apparent length of AC, ar the angle which. AC would: PE, 
at either planet, would be (by Book IV. Prop. LXIX.) inverſely as the planet's diſtance 


from C. Therefore the my ann aan loony og toy „ | 


center of os earth, 1 
- * 
; $1.42 2 7 5 x 3 & 6% = * 2. Is: « 3 
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V "PROP! C {4 00 4 2 6 r . 
e parallax of eng g nee 2 * . re is RE 7 1 
5 meridian, or right aſcenſion,” © 1 it 


Let HQ be' the horizon; EC an arc : of the equator, which cuts the 8 ©; 1 e 
the pole of che equator 3 Z the zenith; ZV a vertical cirele; F, the apparent place N 
planet in the vertical circle ZV,'as viewed from the ſurface of the earth, and I its ipparent 
vince, as viewed from the 121 then * Def. LXIII.) FI is 150 diurnal Praiſe in a 
| vertical 


* - 


— 
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Plate 11. 
Fig. 1. 


HC, EE enn is to the fine of 
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vertical circle. When the apparent place is F, PFA is a ſecondary of the equator paſſing 
through it, and when it is I, PIB is the ſecondary which paſſes through it. Therefore AF 
is the declination of the planet when it appears at F, and Bl its declination when it appears 
at I; the difference of which, DI, is the change of the apparent declination ariſing, from 
the different ſtation of the ſpectator, at the ſurface or center of the earth. When the appa- 
rent place is F, the diſtance of A from the firſt of Aries, is the right aſcenfion ; when it is 


I, the diſtance, of B from the: firſt of Aries, is the right aſcenſion : for PFA and PIB are 
ſecondaries of the equator paſſing through the planet. ITbe difference of right aſcenſion, 


therefore, produced. by the parallax FI, is AB. If &be; planet is i in the meridian PZH, and 
if L be its apparent place, as viewed from the ſurface, and N, ay viewed from, the center 7 
the earth, LN will be its diurnal; parallax ; LE its declination, as viewed from the fu ez 
NE its declination, as viewed from the center; and NL. its potallax of declination. But, 
becauſe PZH is a ſecondary of the equator, in 'whateyer part of chis vertical circle the 
planet appears, its right aſcenſion ill be the diſtance of the point E from. the firſt of Aries, 
that 3s, che diurnal parallax, in this caſe, makes no parallax of right aſcenſion. © © 


"PROP. CXXXI. The diurnal Parallax of «Planet a verticle circle 
Foods a parallax of latitude, and alſo; if the vertical circle be not a 


erg, of the ecliptic, of longitude. 01936? 


Let HQ be the horizon; P the pole of the” ecliptic ; oy art ale of . dal *Which 
cuts the horizon at C ; and ZV a vertical circle; and this ns way be prove in the 


* \F5 # W 


erer ae hu e Boo | | * 
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"PROP. CxxxXII. The mee if 15 OT is, to "A Ale | 
of; any planet from the center. of the earth, as the ſine of the planet's 
parallax i is to the ſine of its A diſtance: from the vertex. Hai 2 
II a planet is at F, and the ſpectator at A, * 5 che lins of N is "AFL, the clone 
will appear at L, and ZAL will be the angle of its apparent diſtance from the vertex Z. 


Let the parallax IL, or the angle AFC proportional (by Prop. CXXIV.) to IL, be found. 
In the plane triangle ACF (the ſides being to one another as the ſines of the oppoſite angles) 


Y * — > 
33 


AC, the ſemidiametet᷑ of the earth, is to FC, the diſtance of the planet from the center of the 


earth; as the ſine of the angle AFC the angle of the- parallax, is to the ſine of the angle 
FAC, or of its ſupplement to two right angles Z AL, the angle of the planet's e 


3 from the vertex. 


Con. When TEN allen is 7 the ſemidiameter of bee AC is to 


HAC or radius, + 2 D rRO 


ene.ax.. . OF PARALLANXES,” KG. 305 ; 
+ - PROF. CXXXIII. ee the wee ee , „ 


La H be the moon in ts nfs dee AO ra a | 
of the earth. In the triangle AHC, let the angle AHC, the moon's horizontal parallax, te 
ound, by Prop. CXXVII. The angle HAC is a right angle, and AC e ſemjdigmeter 425 | 
of the earth is known to be 3985 miles. Hence, AG the fine of AHC, $77.11; 2 
— the moon's mean diſtance is thus, found to be 240,000 Engliſh miles... . „ 

Scnor. According to Mr. de la Lande, the horizontal ſemidianieter" of the: moon; j#t0 | 7 5 
Jew dorizoncal parler for e meari-radius of e t g 1 1686 gy S or wery 
nearly as 3 to 11; benee the ſemidiameter of the moon is r of the radius of the earth, . 

And as the magnitudes of ſpherical bodies are as the eubes of their pms OE 1 5 
e N e egg vert er 1 . | 


” | x; 
: 4 5 * 


* * of * 8 * 2 
N Vet hat 


- PROP. cxxxIV. To determine the relative dif anc 4 Ei Acer | 
1 from the ſun. ee e cc 
Let S be the eee Vikes, g LOM the e of Mercury Let ANF pu, | 
be a tangent” to the orbit of Venus, and let the elongation of Venus, that is, the angle 2 0 
XAS, be found by obſervation!'> Then as radius to the fine of the angle NAS, ſo is A to 
XS or ES. In like manner, if the elongation of Mercury, or the angle CAS; be obſerved; | | -* 
as radius to the ſine of CAS; ſe is AS to CS or LS. If A8, the ſun's: diſtance from the | 76 
| . ² 'ü—x2x2 RATA E in chis ; 3 
. eee IreN We 10 * e det „ ES 
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"PROP! CXXXV,- To determine the relative abe of bee 


C2 47 73 45 2 119 24 vo 4 n JR. 


phe from the ſun. F me 


Let $-be-the fun, eee eee OPQ the orbix of lian and Mche gate 1s 

o «great cl in the bare in which the plans peas e hrs rene, motions fer 

let P be the place of Mars, .., Whilſt the earth is paſſing in its orbit from! # to , Mars will - ** 

appear to move from K to N. The angle of retragradation KN is then known by obſer. ; „„ noel 
vation. To this the verticle angle PS is equal. In the: triangle 2SP, the angle at n „5 : 
right angle; the angle PS is the angle of retrogradationm which is knoun, whence the 

| Other angle SP is known, and the ratio of the ſides of the triangle to each other is known: 

whence: the ratio of 8 to SP is found, If the mean diſtance of the earth from the ſun be 


> 3 
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of ASTRONOMY. . Book v. PART'T, 
PROP. CXXXVI. E find the e of the ſun by the franſit of 


Venus. 


Let FIG be the earth; L Venus, and 8 che fun. To an obſerver at I, Venus will 
appear juſt'entered upon the ſun's diſc at C, and its apparent place in 'the heavens will be Q. 
But at the fame inſtant to a ſpectator at G it will appear above the ſun in the right line 
GEN. The angle NLQ, or BLG, is the horizontal parallax of Venus ; and the angle 
BCG, or its equal TCO, is the ſun's horizontal parallax. Becauſe the plane of Venus's 
orbit is inclined to the plane of the ecliptic, this planet, in its inferior conjunction, will 
commonly paſs northward or ſouthward of the ſun; but, when the inferior conjunction 
happens at, or very near, one of the nodes, it will paſs over the ſun's diſc. If, at the time 
of. this tranſit, a ſpectator at I, and another at G, (at the diſtance of go degrees, in longi- 
tude, from each other) obſerve the exact time of the total ingreſs of the planet, the differ- 
ence, between the actual time of ingreſs, and the time at which the ingreſs would have 
happened without any parallax, being known, and (by Prop. XXVII.) converted into 
parts of a degree, the horizontal parallax of Venus, ILG, may be found. Or, if ſeveral 
different obſervations of the time of ingreſs be made at different places, after due allowance 
is made for difference of longitude and latitude at thoſe places, the parallax of Venus at 
chat time, and thence its horizontal parallax, will be accurately diſcovered. | 


51 VVV 


eee eee eee eee eee For, ſuppoſe MO to be 

a part of the orbit of Venus, and V, v, «, the planet in different ſituations. The time in 
which Venus will paſs through ſuch an arc V v of its orbit, as when viewed from the earth 
dubtends'an equal angle with the diameter or chord CD of the ſun being found, and alſo 
the arc Vo; let a ſpectator on the earth's ſurface view the planet juſt entering within the 
ſun's diſc at C. If the earth remained at reſt, the ſpectator would ſee the planet paſſing 
aver the diſe in the line CD, whilſt in its path it deſcribes V v: but becauſe he is, in the 
mean time, by the earth's diurnal revolution, carried from A towards. P, at the inſtant 


when he ſees the planet paſſing off the ſun's diſc at D, the planet is advanced in its orbit to 
VU Conſequently, the tranſit will be to this obſerver as much longer than the computed 
time; as the heliocentric are VU is longer than Vo. If another obſervation of the fame 


kind be taken at the fame time on the oppoſite meridian, where the ſpectator is carried in a 
direction contrary. .... edam wo dann 


* a eee as in the other ſituation it was longer. 


75 VVVJAVVTPFVPPPF ohne: Grand he-Anty Diciemanl grioiNe/ 
the day of the tranſit, may be diſcovered by Prop. XXIX. For, as the ſun's proportional 


_ diſtance, at che tranſit, from the earth (taking 1000 for his mean diſtance) is to the pro- 


portional diſtance of Venus from the earth at that time, ſo is the horizontal parallax of 
Venus, ILG, to the horizontal parallax of the ſun, ICG, on the day of the tranſit. Whence 
e e be eee eee 


. 
- 


ch. F PARALUAXES,” e. 


bound: fbr (by Prop. XXIX.) as the ſun's mern diſtance from the Garth; is te ß ee 
nem mani n ee e, ere | 


bam; 11 10 


Ta this manner the ſun's mean horizontal parallix tis been” found, from. compdring the 


tranſits of Venus in 1761 and 1769, to be 8.65”. or about 8 f ſeconds. e 6 
Tmabdtass, Vol. LXII. p. 61, and Ferguſon's Aſtronomy, Chap. XXIII. LN tat 


" $cuoz. The tranſits of Venus happen but very ſeldom : the firſt that fs to have 
| been noticed was in the year 1639, by Mr. Horrox and his friend Mr. Crabtree. With 2. 


view of engaging the attention of future aſtronomers to the above method of determining, 
the ſun's parallax, and thereby his real diſtance from the earth, Dr. Halley communicated. 


0 paper to the Royal Society in the year 1691, containing an account, of the ſeyeral years 
in which ſuch a tranſit would happen. He particularly mentioned thoſe which would be 


ſeen in 1761 and 1769, preſuming that on thoſe periods this important. problem would be 


ſolved with great accuracy, No other tranſit will happen until the year 1874. | 
Except ſuch tranſits as theſe, Venus exhibits the fame appearance to us regularly every 
eight years; her conjunctions, ee AM of ERR ali ane 2 
ee 5 155 HM 


- PROP. XVII. 'To find the diſtance of the far "7 the iſ 


In the triangle AHC, 5 if 1 be the tam: As the fine of 8 5 ſeconds, the horizontal Pl: 
parallax of the ſun AHC, is to radius, fo ie the. ſemaidiameter of the earth; AC, which is; * 
found by menſuration to be 3985. Engliſh miles, to the number of ſemidiameters of the 


earth contained in the diſtance of the ſun from the earth. Hence the ſun's diſtance from the. 


earth is found to be about 95,173,000 Engliſh miles; for by log. we have en ww 
of 8% bs). ene + 3600428; (log. nrg 95,173,099 aide. 1 1 23 


- . 17 * 


PROP. cxxxvmr. 70 meaſure the alla: of Mercury or hl 


from the ſun. TON "a op i 3.07 (echift e WL 18 
4 W . 8 


9 


% 


1 en nennen , Meakure the angle SEM, Wd ge 
obſerve accurately the time when this mesſure is taken. When Mercury has müde dne big 3. 


2 RTE 


revolution, and arrives at the ſame point M, the earth will be in ſome other part of its 


orbit, een enen pe OR eee e "$47: 96394] 


is taken. 1 ; 4 TBE 
By kheſe two ne Wa in which tha wink ones from Eto R his 


ibaa 28 1 year is to the time employed in paſſing from E to R, ſo are 360. degrees to thei 


nn whence the arc ER, and the angle ESR, are found. In the triangle ESR, the. 


1 (the diſtane of the ſqg- han ec 3 and allo che cantained, 
„„ nie 
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angle RSE, let the angles at the baſe SER, SRE, and the baſe RE, be found. | Then from: 
the known angle SER take away the angle SEM, which is alſo known, there will remain- 
MER; and from the known angle SRE take away the known angle SRM, there. will re- 
main MRE. The two angles MER, MRE, being thus found, the third angle RME is 
alſo known; and the fide RE is known. Wherefore, the ſine of the angle RME is to the 


fide RE, as the fine of the angle MRE is to the fide ME, or as the fine of the angle MER 
is to the ſide MR. In the triangle SRM, the ſides RS, RM, being thus found, the ſum, of 


the two ſides RS, RM, is to their difference, as the tangent of half the ſum of the angles: 


at the baſe RSM, RMS, is to the tangent of half their difference. To half the ſum add 
half the Ae at th greater angle at M is found ; and from half the ſum take away 
half the difference, and the lefſer angle at S is found. Whence, the fine of the angle at 
ee me prince mee of 
at R is to the baſe SM, TY e | 


PROP. XXXIX. To bee the diflance of Mars from the "Wo 


Let 8 be the fun, E the earth, and M Mars. Meaſure the angle SEM: when Mars has 
made one revolution, obſerve the place of the earth in its orbit R, and meaſure the angle 
SRM. Having found as before the arc ER, and the angle ESR, in the triangle ESR, in 
which the two fides'SE, SR, and the contained angle ESR, are known, let the angles at | 
the baſe SER, SRE, and the baſe RE, be found, If from the angle SEM (which has been. 


© © obſerved) be taken SER, there remains REM; and if from the angle SRM (which has 


been obſerved} be taken SRE, there remains ERM. Whence, in the triangle RME, the 
angles at R and E being found, the third angle is known : and the fine of the angle at M'is 
to the fide RE, as the fine of the angle at E is to the fide RM. Wherefore, in the triangle 
SRM. ; the two ſides of which, RS, RM, and the contained angle at R, are known; whence, 
as in the preceding Propofition, the two c 
e eee | N 


PRoOp. CXL. 'To meaſore the diſtance of lune, or Saturn from the : 


| ſun by their ſatellites. 


F 


n bebe fad; E the: db, 3 Zed; ee in . 
Satellite R diſappears behind Jupiter, and the inſtant in which it again appears: then, 
dividing the intermediate time into two equal parts ; this will give the inſtant in which the 
earth E, Jupiter I, and the Satellite R, are in one right line EID. Next, obſerve the in- 
Rane in which the Satellite diſappears behind the ſhadow of Jupiter, and the inſtant in which. 
it again appears; and divide the time between theſe inſtants into two equal parts to ſind the 
inſtant in which the Satellite is in the midſt of the ſhadow, that is, in which the Sun, 


gie b E ER a right 2 Hence, the time talen up in panne en 
3 D to 


amn m. OF FARALLAXES;” &c. „ 
D to R, is known: whence, the time of che entire revohition of ab 0 305 65 

grees, as the time employed in paſſing from D to R is to the are DR. Thus the arc DR, 

and the angles RID, EIS, are found. Laſtly, having taken an obſervation of the angle IE S, 

the other angle ESI is found; and the fide ES, the earth's diſtance from the fun, is Known: 

whence, en oF le gt EPR RN har ere er * eee is to 1 

_— r eng ang 10 


1. | » — > 
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- PROP, CXLI. To OG tis diane & any Meas his the 1 


— 36a) Uiflunois of the planets from the-ſun are as their proportional diftancesz | 
as the proportional diſtance of the'carth from: the fun is cb che proportional Uiftdnce of my 2 
other planet from the ſun, ſo is the real er eee 1 . . 
real-diftuice of ny! oth planet fronk de dn eee 5 

Hence are found the: diſtances of the planets from the an in Eaglith mile. —— VE 
36,841,468 3 Venus, 68,891,486 ;* Mars, 145,014, 1455 Jupiter, 494 0g Wo: f 
907,956,130 3 4 eier Herſchel, 800,000,000. - 55 


, „ ; * 1 12 + *. a? * ” * 
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" PROP: © x. The Botzctsl Lang or . y plan even given $- 
to find its diſtance from the earth. 5 3 


Let H be the planet, whoſe horizontal parallax AH 1 e offi 
the earth AC being known, in the triangle CAHH the ine of e the ide 
ee the angle HAG is fa be. Ker the diſtance wage. ene Row 


LW 363 $653 IF + 8 ? 2 


- PROP. CXLUI. The diſtance of : fry ves being gc . 


nnr . Plate 21 ; | 
Soppoſd two right, lines, AB. AD, drawn tangents tp the planet, the angles CBA, Da. 1 
are right angles; therefore the ſquare of A0 is equal to the two ſquazes. of AB and BC 
together. The ſame ſquare of AC will alſo be equal 70 the two ſquares of A and W. Jes 
And ſince the ſquare of che radius CB. is equal to the ſquare. of the radius CD, (on account. . "En 
of the ſpherical figure of the planets), the-ſquare of the tangent AB is equal to the ſquare of | PE 
the tangent AD, and the tangent AB to the tangent AD... Hence the two triangles ABC, . 
ADC, are equal, and conſequently, the angles BAC, CAD, are equal, The angle BAD . | 
being meaſuted by a micrometey, its half BAC ja-knowts Mhence, in de triangle ABC, ö 8 
the ſine of the angle at B, which is a right angle, id to the fide A, ds the ſine of e 
angle at A is to the ſide BC. The radius, and conſequently the diameter of the planet, 5 
ts thys found ; becauſe ſpheres are as the cubes of their diameters, its r * | 


by finding the cube * its diameter. 
PROP. 
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TROP: CXLIV. To find the periodical time of a an 


- 


| Henan: 5 eee eee 
Path, the planet, after one greateſt elongation, muſt not only complete a revolution, but 


likewiſe the whole angular ſpace which the earth deſcribed in that time, before it arrives 


again at the ſame elongation. Thus, before Venus can return to the ſame elongation, 
beſides performing an entire revolution in its orbit {equal to 4 right angles) it muſt paſs 
through as much more angular ſpace, as the earth has done in the mean time. Hence, as 
the angular motion of Venus is to the angular motion of the earth in the time between the 
greateſt elongation and its-return, ſo is the periodical time of the earth to the periodical 
time of Venus. In this manner the periodical times of all the planets may be found. 1 1 
Or, obſerve when a planet is in any point of its orbit, and after any number of .revolu- 
tions, oblerve when it comes to the ſame point again; then divide that interval of time by 
the number of revolutions, and you get the time of one revolution. The. obſervations; of 
antient aftronomers are here very uſeful ; for as they have put down the places of the planets 
from their own obſervations, by comparing them with the places obſerved now, we take in 
2 very great number of revolutions, and, therefore, if we divide the interval of time by 
the number of revolutions, ſhould a ſmall error be made in the whole time, it will affect fo 
much leſs the time of one revolution. The'periochcal times of nnen 


the table at the end of the chapter. 


Cox. Becauſe the ſquares of the periodical times of the planets were found by Kepler 


to be as the cubes of their diſtances, the periodical times of any two planets being known, 
nnd the comparative or real diſtance of one EO Ser the IRE e the m_ 


len e , ee adam | 


— 5 1 4.4 


' PROP. C XLV. To find the mean velocities of the KAR 


The periodical time of a planet being known, and allo its diameter, and conſequently is 
circumference (for the diameter of a circle is to its circumference nearly as 1173 to 355); 
its mean velocity, or the velocity with which it would move if its motion were uniform, 
may be thus found: as the whole periodical time of the planet is to an hour, fo is the whole 
circumference of its orbit to the angular ſpace paſſed over in an hour. Thus it is found, that 
the mean horary velocity of the earth is 68,216.9 re ee 
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PRO P. CXLVI. The moon is retained i in its orbit TY A force hich | 


__ it towards the center of the earth. 


Since: (by Book II. Prop. L) R 1 motion, 
would continually move on uniformly in a right line, there muſt be ſome force which draws: 
it from. ies reiigea) path. Whatever this force is, ſince it is found by: obſervation that the 


moon by a radius drawn to the earth's center deſcribes equal areas in equal times, it follows | 


(from Book II. Prop. LXXIII.) that it is impelled, by that force, towards the earth's 
center. The earth indeed is not at reſt ; but becauſe both the moon and earth revolve round: 


| the ſun, —— 6. 1 
at reſt. 2 ; | 1 8 5 e „„ 2 Fray 34 3 7 8 


8 


FRor. CXLVII. The force which retains the moon in its orbie 


is, at different dn from the erth M be as the ec of thole- 
diſtances. «> 


I ̃ be moon's FVV the bebe whk 
retains it in its orbit, muſt (by Book II. Prop. r nen be: 
A the diſtances from the earth. * Fe 
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'OF ASTRONOMY. *' BOOK v. PART 11. 
PROP. CXLIX. The moon is retained in its orbit by a force which 


carries it towards the earth with the fame velocity with which a body, 


acted 1 27 by gravitation at the diſtance-of the e would fall nn 


the earth. 


Let AER be the earth, PLV a part of the e Ia which the moon 
deſcribes in its orbit in one minute of time. Since the moon deſcribes its whole orbit in 
27 days 7 hours 43 minutes, that is, in 39343 minutes, the length of the arc LC, which 
the moon deſcribes in one minute, is the r part of 360%. or 33”. If the moon ſetting 
out from L, were not impelled towards the earth, it would move in the right line LB. 
Since therefore it moves in the are LC, there muſt be a force impelling it towards the 
earth's center which draws it from the tangent LB, fo that, at the end of 1 minute, when 
it is arrived at C, it will have departed from the tangent as far as BC, or LD: or, becauſe 
the moon deſcribes the diagonal LC in 1 minute, it would in the ſame time, by the pro- 
jectile force, deſcribe LB, and by the centripetal, LD. LD is then the ſpace through 
which the centripetal force makes the moon fall towards the earth in x minute; and LD 
is the verſed fine of the arc LC, which is an arc of 33”. Therefore the force which impels 


the moon, would make it fall, in 1 minute of time, through the verſed ſine of an arc of 


33”. Becauſe AER, the earth's circumference, is found to meaſure 123249600 Paris feet, 
its ſemidiameter AT will be about 19615800 ſuch feet. Since therefore the mean diſtance 


of the moon from the earth is found to be 60 ſemidiameters of the earth, A T multiplied by 60 


will give the length of LT a ſemidiameter of the moon's orbit, namely,” 1176948000 feet. 
And as the radius is to the verſed ſine of 33”. ſo is LT to LD, or nearly as 1176948000 
to 15 fr Paris feet, which is nearly equal to 164 Engliſh feet, or f pole. Therefore, if 


the moon were to fall towards the earth, the centripetal force which impels it towards che 


earth would make it fall 1 pole in the firſt minute of its deſcent. But becauſe (by Prop. 
CXLVII..) this centripetal force is inverſely as the ſquares of the diſtances, a body which 
is at the diſtance of the moon, or 60 ſemidiameters of the earth, will be attracted by a 
force as much leſs than that at the ſurface, as the ſquare of 60, or 3600, is greater than the 
ſquare of 1, or 1; that is, the force at the ſurface being 1, it will be to the force at the 


_ diſtance of the moon, as 1 to 7722, and the velocities will have the ſame ratio. But a 


body. at the ſurface of the earth falls through 1 pole in a ſecond of time, that is, (by 
Book II. Prop. XXV1:) through 3600 poles” m a minute. Thetefore, at the diſtance of 


the moon the body would fall through r part of this length, that is, through 1 pole, in 
a minute. But it has been ſhewn that the moon, by its centripetal force, falls towards the 
earth 1 pole in a minute: therefore the moon is retained in its orbit by a force which moves 


it with the fame velocity with which a body, acted upon by eee and 7 ene bas 


5 OI 9 ps nc oa thy: HI, WOUIT 98 tovrares the earth.” 
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men. 7 CAUSE or CELESTIAL MOTIONS. 


© PROP: CL. 5 0 moon is retained. in inne a1. the: inſures of gravi= 


tation. 5 | | ef Ons | 3 
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The force which —— * „ diredtion, 
(by Prop. CXLVII.) and in its degree of force * eee e An bo 
nee en W TL 5 . . chad 
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' PROP. CLI. The primary . are retained in cher wy by 4 


force which frmpels them towards the ſun EONS OS, 


It is found by obſervation, that each of 'them, as Ny pr We” 1 felpe ive dies, | 
deſcribe, by à radius drawn to the ſun, equal areas in equal times,. Therefore (by 


Book II. 157 e e the Gage: which e eee a. them, towards 
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© PROP: Ln.” The lk Which retain N primary „e in their 
reſpective orbits are, at different diſtances from the fun, We of as [the 


. ſquares of, Tholen nf 6 i EET 


the cubes of their mean diſtances from the ſun. For example, Saturn's periodical time being 
found to be to Jupiter's about as 30 to 12, and the diſtance of the former from the ſun, to that 


of the latter nearly as 9 to 5; the ſquates of the times are 900 and 1445 which' ane te ene 


another nearly as 729 to 125, the cubes of the diſtances... This proportion takes place in 


all the primary planets : hence (by Book II. Prop. LEXIX.) the forts by ich they 


eee, is et ls 


. + 4% 4 


d ne f e ,,, ICT 
mean diſtances from the ſun. Aftronomers have ſince found, that the ſame law holds good 
in the ſecondaries with reſpec to their primaries.. To Sir I. Newton we are indebted for 
an inveſtigation of this law on phyſical. principles. He bus demon, 9s 0 © pre- 
enn wu ſuch a law was OR... 5 15 4 
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- PROP. CI IU. | The primary planets are cane in this cdi by - 


| the force of gravitation.” DATE kee args 


Tha noon Joving been; pms fed the rain and 5 tenen 
| to be retained. in its ;orhix by gravitation; ſince | the, primary planets are, impelled towards 1 
Ow e as the moon is n the ws ons AE... | 


— 
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It appears from obſervation, A 6 a Mi fe | 
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force acts with reſpect to the ſun by the ſame law, by which the force which retains the 
moon in its orbit acts with reſpect to the earth, namely, that this force is inverſely as the 
ſquare of the diſtance of the planet from the ſun; it may be concluded, as in the caſe of 
the moon, that they are retained in their orbits by the force of gravitation. | | 

This follows likewiſe from their moving in elliptical orbits, ſince it has been proved 
(Book II. Prop. LXX XI.) that bodies revolving in fuch orbits have their centripetal forces 
ä eee eee wine gy avi. | 


PROP. CLIV. The ſatellites 4 Jupiter and Saturn ave retained i in 
their reſpective vrbits by the force of ER... 
They are obſerved to deſcribe equal areas round the reſpedtive primaries in 1 times, 


arid, conſequently (by Book II. Prop. L XXIII.) are impelled towards them; and the forces 


which retain them in their orbits, are at different diſtances inverſely as the ſquares of thoſe 
diſtances (by Book II. Prop. LXXXI.) becauſe it has been obſerved that the ſquares of 
their periodical times are as the cubes of their diſtances from their reſpective centers. 

Therefore the force which retains the ſatellites of Jupiter and Saturn in their orbits, act in 
the ſame manner, and by the ſame law, as the force which retains the moon in its orbit acts 


vith reſpect to the earth. But all effects of the fame fort are, without proof of the con- 


trary, to be conſidered as produced by the ſame cauſe. Therefore the power Our ravine 
19:2 e eee | | 


- PROP: CLV. The 38 and any planet revolve round a common 
center of gravity, which remains at reſt. | 


Let S be the hs act os abt, cantly atreSieg cert ocher. 17. goicher of che 
two bodies reyolved in any orbit, they would move towards each other, and would meet at 


C their common center of gravity ; and during the approach of theſe two bodies, C their 
common center of gravity woule be at reſt, by Book IT. Prop. LI. But if the body P has 
2 projectile force given to it in the direction Pt, and if this projectile force and its gravitation 
towards 8 make it deſcribe an orbit round 8, (by Book II. Prop. LXVIII.) ſuch a projectile 
force will prevent the body P from approaching to 8, though it gravitates towards 8. But 
if $ has not as great a projectile force given to it at the ſame time in the oppoſite direction St, | 
then becauſe S continues to gravitate towards P, and there is no force which can prevent 
Ats approaching to P, it follows that 8 will approach to P, or as P revolves round $ the 
mutual gravitation of theſe two bodies will diminiſh-the diſtance SP. Now it appears from 
Book II. Prop. LI. that C the common center of gravity always divides this diſtance SP in the 
inverſe ratio of 8 to P, or that SC is always as much leſs than PC, as the quantity of matter 
in 8 is greater than the quantity of matter in P: conſequently, ſince the quantity of matter 


in 8 and in P is always the fame, SC and PC have always the fame ratio to one another. 


-_ 


nan 1. CAUSE OF CELESTIAL MOTIONS. 


But as S approaches to P, S0 decreaſes. Adee dg an e e the tals 
But PC can decreaſe no otherwiſe than either by the approach of P to C, or by the approach 
of C to P. But the projectile force prevents P from approaching to C. Therefore C 
muſt approach to P. Thus it appears that, if P has a projectile (force given to it, and is 
made to revolve, unleſs S has an equal projectile force given to it at the ſame time, the 


| mutual gravitation of theſe two bodies towards one another will put C, which is their 
common center of gravity, in motion: contrary to Book II. Prop. LI. Cor. Therefore as 


the planet P begins to move in the direction Pt, the ſun 8 will likewiſe begin to move in 


the direction Ss; and C their common center of gravity will continue at reſt. And as they 
tend mutually towards each other, or towards C their common center of gravity, their 
motions will not continue to be performed in right lines, but the planet P will revolve. 


ze en,, Üũg! 
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. PROP. CLVI. The. ſun and any planet, whilt He 8 gra- 


vitate towards each other, deſcribe ſimilar. figures One N common 
center of gravity, and round each other. x 
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Let 8 be the ſun, P the earth, or any other 8 and C r common Rs of Plate 1. 
gravity, about which (by the laſt Prop.) they revolve. To a ſpectator at P, , ee LE 


the planet to be at reſt, the ſun will appear to revolve about P, and the reverſe at 8. Be- 
| Cauſe the common center of gravity of the fun 8, and any planet P, is always in a right 
line drawn from the ſun to the planet, if the planet moves through any ſmall {pace from 


P to p, the line C continued muſt- paſs through the ſun,; and — — 
have moved from S to 2. Thus Pp, Ss, are ares deſcribed by the planet and ſun in their 


reſpective orbits in the ſame time, and PCp, SCs, are areas deſcribed in the fame time 

the radii CS, CP. And, becauſe the vertical angles at C are equal, and that SC is to Pt 
as C to pC, (for SP, % ire. both divided is. © iy the Os 
matter in P and 8) the areas PCp, SCs, are ſimilar. In like manner, any other parts of 


the two orbits deſcribed in the ſame time, may he ſhewn to be ſimilar; conſequently, * . 


whole orbits are ſimilar. 


Again, when P has Supi its rewolation wound G. or I or 4 of its orbit, it wil | 
appear to a ſpectator at 8, to whom 8 ſeems at reſt, to have completed its orbit, or 4 er þ 


of its orbit round 8. And univerſally, the angular motion af the planet P about C, in any 
given time, will be equal to its apparent angular motion about 8, conſidered as at reſt by 
a ſpectator at 8. If therefore the planet P in any given time has moved from P20 ph in 


which (by the laſt Prop.) the fun 8 has moved from $ to , the angle PCp, which is the 


meaſure of the planet's angular motion about C, will be equal to the apparent angular 
notion round B. Let Sy be taken"equal to 2p, and make the angle PS“ ede un the angle. 
Bene Ts | 


Plate 1 


Fig-8. 


OF ASTRON OMV. cok v. ParT 1H 


drawn to C, it is deſcribing the are aPCp. Now, becauſe (as was before ſnewn) 0 10 0 
PC, as C to PC, (El. V. 18.) SCC, or SP is to PC, as C Cp, or ꝙ is to pC; and 

45 is equal to Sr: therefore PS is to PC, as 87 is to pC. - Conſequently, the two figures 
PCp, Post, are ſimilar. In like manner it may be ſhewn, that any other part, deſeribed in 
any given time, of the orbit the planet appears to move in round the ſun conſidered as at 
reft, will be fimilar to other parts, deſcribed in the ſame time, of the orbit in which the 
planet moves round the common center of gravity of the ſun and the planet: therefore the 


| whole orbits are ſimilar. And ſince the orbits which the ſun, and the planet, deſcribe about 
their common center have been proved to be ſimilar, it follows, that the orbit which 


any planet appears to deſcribe” round the ſun conſidered as at reſt, is ſimilar to the orbit 
which the fun in the mean time deſcribes round the common center of gravity. 

In like manner it might be proved, een e ee e ts bee beast 
the planet P conſidered as at reſt, is ſimilar to either of the orbits ON ee 


deſeride bout the center of gravity. 


Con. If the ſun's apparent motion, ſeen from the earth, is an | tip, having the Py in 
one of its foci, the earth's apparent motion, ſeen from the ſun, will be in a ſimilar ellipſe; 


having the ſun in one of it's foci: and if the fun and earth mutually grayitate towards each 


other, they deſcribe er 1 90 orbits about r common center. 5 


©" PROP. CLn. The common center of gravity of * ul. and al 


| the planets is at reſt, and is the center of the ſolar ſyſtem. , 


Since, from the mutual gravitation of the ſun and any one planet, yon Wande tar 
their common center (by Prop. Lv.) the fame muſt hold good with reſpect to the ſun and 
all the planets. Conſequently, (there mul be ſorne one point in the folar ſyſtem which is its | 


center of gravity, and wat reſt, Hh 
| 4 k $ 4” ; ; . ? 1 * 5 
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55 "PROP. in. The nearer r the moon is to its 1 the 
greater is its velocity and the nearer it r the owes | 


„ ee che "re IF fl eniNN) let the moon. | 
be in one of in qualratures a Ly and Jt the n enen, It is —2 


WEE 3.4 


cnae. n. Op THE LUNAR/ IRREGULARITIES. 
| that the tendency which dhe moon bas towards-the fun is alang.the los: LS. nnd dies which 


the earth has, is along the line TS: let then the former of theſe be. reſolyed into. two others, + 


the one along LA parallel and equal to TS, the other from L to T, along the line LT. 
The former of theſe, tendencies being parallel and equal to that hy which the earth tends 
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along the line TS, alters not the ſituation of the two bodies L and T with reſpect to each ; 
other, that is, it diſturbs not the motion of the body L; but the other along LT increaſes - 


its tendency towards T. And this increaſe will be to the tendency the moon has to A, 
which is the ſame which the earth has to 8, as the diſtance LT to LA; or TS: that is, the 


gravity of the moon towards the earth in the quadratures is augmented by the action of the | 


ſun, and that augmentation. is to the tendency which the earth has to the ſun, as the length 
of the line LT, een ee e na $215 (prong 
0 he „ fb 1255 1 

T hind Mikes (Dn the diftades of thi for sb 


* ſame, the greater will this increaſe of the moon's gravity towards the earth be, But if 
the diſtance. of the moon from the eatth remains the ſame, and the diſtance. of the ſun be 
augmented, this additional 'increaſe will be the leſs in the ratio of the cube of that diſtance. - 


For, if TS be. increaſed: while LIT remains the fame, LT; will be ſo much the leſs with 
reſpect to T8, that is, the increaſe will be diminiſhed in the ratio of the ſun's diſtance: but 
when TS the diſtance of the ſun is increaſed, the abſolute force of the ſun, and with it the 


above - mentioned increaſe, will be diminiſhed alſo in proportion u the nee they lags tj | 


conſequently, RR f g b r ee niniſhed 
of the cube of that diſtanee. | | 146 
Leet now the moon be in one of its Derbe & l., thn l the en lm noch 

fus; more than that which the earth has, which is farther off at F, be to that which the 


earth has, as the difference of the ſquares: of SM. and 8 T is to the ſquare of SM: but 


J 


| the difference between the ſquares of SM and 8 T has nearly; the ratio to che ſquare of * © 


SM, Which twice MT, that is MO, has to SM; becauſe: the difference between the 


ſquares of two numbers whoſe difference is very ſmall with reſpect to either of them (as 


the difference between SM and 8 T is with reſpect to the diſtance of 8) has little more 


than double the ratio to the ſquare. of the leſſer number, that the difference. between the 


numbers themſelves has to the leſſer number. The tendency therefore which the moon, 


when at M, has to the fun, more than that which the earth has, is to that which the earth 
has, nearly at MO, or twice TIL, to Sh, or becauſe of the ſun's great diſtance, as twice 
LT to TS. Her tendency therefore to the earth is now: diminiſhed in that ratio: but as 
was ſhewn above, it was augmented in the quadratures in the ratio only of LT to TS. 
"The diminution here is therefore nearly double of the augmentation there. And whereas 
that augmentation, when the diſtance of the ſun remains the fame; was ſhewn'to/ increaſe 


with the diſtance of the moon; but when the diſtance of the moon remains the ſame, to 


decreaſe with the cube of the ſun's e this r e e e n Matar in pad e 


Keren will do the fame. | 
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OF ASTRONOMY. zd V. yart 1. 
When the moon is in the other ſyzygy at O, it is attracted towards the fun leſs than 


- the earth is by the difference of the ſquares of SO and ST; which, in effect, is the 


fame thing as if the earth were not attracted at all towards 8, and the moon were 
attracted the contrary way; fo that its tendency to the earth is here alſo diminiſhed, as 
well as when it was at M, and almoſt in the fame degree; for, on account of the fun's 

e eee eee eee 


3 


Plate 11. 
Fig. 9. 


Or thus: the annual ane ads betet Pest is thr Gains s 
that the earth's is, it ought to be retained in that courſe by the ſame force that the earth is; 
whereas when the moon comes to M, the action of the ſun upon it is greater than it is upon 
the earth, by the difference of the ſquares of SM and ST; and when the moon is at O, 


it is leſs than it is upon the earth by the difference between the ſquares of ST and SO: 


fo that in the former caſe the moon is drawn too much towards the fun, and in the latter 
too little; and therefore in both caſes its tendency towards the earth is diminiſhed, and 


c eres ofthe bow. 


mentioned ſquares is nearly the ſame in either caſe, | 
Next, tet the moon be in a point of her orbit between the quadrature and the ſyzygy. 
Then being nearer the ſan than the earth is, ſhe will be attracted with a ſtronger force: 


let it be expreſſed by IS produced to D, till D be of ſuch a length, that TS being put to 
expreſs the action of the ſun upon the earth, D may expreſs the ſtronger force of the ſun 


upon the moon: and let /D be reſolved into two others, one of which let be la, equal and 
parallel to TS, then will the other be aD, or its equal and parallel G. This /G is the 


only diſturbing force upon the moon at L, the other La being parallel to TS, affects the 


moon juſt as the ſun does the earth; and thus alters not their ſituations with reſpect to each 
other. Let then this figure with the line LG be transferred to fig. 9. This force LG 
may be refolved into LI and LH, the one a tangent to the orbit of the moon, and the 
other a perpendicular thereto: the former accelerates the motion of the moon when going 
from the quadrature at O to the ſyzygy at B; and will retard it when going from B to R. 
The other, when H falls upon TL produced, as in this figure, diminiſhes the tendency of 
the moon towards the earth; and when it falls between L and T, it augments it. 
Thus the nearer the moon is to its ſyzygies, the greater will be its velocity; and the 


nearer it is to the quadratures, the lower it will move; becauſe one of the forces into 


which LG is reſolvable, accelerates IRIS ny the array to the „ 
r | | | 


Con. Hence: the moon in her monthly 4 a i by th cen of the in er- 
OTE ee | | | ie 
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PROP. CLIX. | The moon deſcribes equal areas in equal times ITY 
at the ſyzygies and Pa; and- deviates . this iow the — T 


in the octants. 


The diſturbing force being reſolved into two others, one of thi at the 3 or Plate 11. FR 
ſyzygies, will be found to point from or towards T the center of the earth directly, and 'S 3 „„ 
therefore will not hinder the moon from deſcribing equal areas in equal times; the TZ 
likewiſe, in thoſe places will be found to tend towards the center of the ſun, and there- 55 IE I 
fore neither of them will prevent the moon there from deſcribing equal areas in equal times, 5 | 
that is, will not at the quadratures diſtutb the moon's motion at all. 5 „ 

But when the moon is in the octants, as at L, this farce bel bi e Gen | 1 = 
one of them, as LH, will point directly to or from the center of the earth, and therefore „ 
will increaſe or diminiſh the moon's tendency towards the earth, but not hinder it . 
from deſcribing equal areas in equal time. But the other, as LI, or HG, points hog 4th 
towards the center of the earth; nor ſun, and therefore, in the octants, prevents its de. 
| ſcribing equal areas in equal times, But this being the mid-way between the quadrature 
and the ſyzygy, in both which places this diſturbing force doth not prevent the moon from 
deſcribing equal areas in equal e it noun as. "nl at the 9 this . . 5 


— 


will be greateſt of all. 81 0.2 | PH Þ 
Scuor.. Hence i ha ic oat Goon more difiult to obtain the moon's place in de . 1 1 


N ee with eee, than een ee 


' PROP. CLX. The orbit of me Wenn, if , ß 50 5 
dratures, and leſs in the e e than i it hates be if it were "OM | 
attracted by the earth. f i 


For its motion (by Prop. cL vin. ) 1 accelerated 1 its n from the qua- 
dratures to the ſyzygies, in the ſyzygies its motion will be quicker than it ought otherwiſe 
to be, and therefore its centripetal force leſs than it would otherwiſe be. It wall therefore 
at the fyzygies deſcribe the portion 'of a larger curve, which conſequently will be les . | 
curved than a ſmaller. | On the other hand, while the moon paſſes from the lyzygies to * +3 15 
the quadratures, its motion is continually retarded, and therefore, at the quadratures, its . | 
motion will be flower than it would otherwiſe be. At the quadratures, therefore, the 
moon will deſcribe the portion of a leſſer curve, which therefore will be more ciryel than | 5 


2 NG 


a larger curve, | 
/ 2 4 - a . * 1 A 
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Plate rr. 


Fig. 10. 


OF ASTRONOMY. - BOOK v. PART 1, 

PROP. CLXI. When the earth is in its perihelion, the periodical 

time of the moon will be the greateſt; when the earth is in its aphetion, 
the periodical time of the moon will be the leaſt. 15 


Since the irregularities explained in the three preceding Propoſitions proceed from the 
action of the fun, it follows, that where the action of the ſun is greateſt, the irregularities 
ariſing from it will be greateſt too. But the nearer the earth is to the ſun, the greater 
will be the action of the ſun upon the moon: and the more the moon tends towards 
the ſun, the leſs will it tend towards the earth, When therefore the earth is at the 
perihelion A, and conſequently at its leaſt diſtance from the ſun 8, the action of the ſun 
upon the moon will be greateſt, and deſtroy more of its tendency towards the earth than at 
any other diſtance, as SE, SC, SD, &c. Therefore when the earth is at the perihelion A, 


che moon will deſcribe a larger orbit about the earth, than when the earth is at any other 
— diſtance from the ſun, and conſequently, her periodical time will then be the longeſt. 


But the earth is at its perihelion in the winter, and conſequently, then the moon will 
deſeribe the outermoſt circle about the earth, and her periodical time will be the longeſt: 
which agrees with obſervation. For the ſame reaſon, when the earth is at its aphelion B, 
the tendency of the moon towards the earth will be the greateſt, and conſequently, her 
periodical time the leaſt. And in this caſe, ous will be in the — it will deſcribe 


the innermoſt circle about the carth. 


PROP. CLXII. The line of the moon's « apfec goes PRE 


the moon is in ſyzygy, and backwards when it is in quadrature ; but it 


goes farther forwards than backwards each time, ſo that at length it 
performs a revolution according to the order of the ſigns. rl 
| Since the moon deſcribes an elliptical orbit CEDF about the earth 8, placed in one of its 


; feci, and fince its centripetal force towards the earth, by means of the action of the ſun 


(by Prop. CLVIIL.) is continually increaſing, or decreaſing, but not equably, that is, 
ſometimes leſs, and ſometimes more, than in the n Jugicote ratio of the lauer of | 
the moon from the earth, therefore, the line of the moon's apſis AB will be continually 

going backwards, or forwards ; that is, the axis AB will not always lie in that fituation, 
but go backwards into the ſituation CD, or forwards into the ſituation EF. Since however, 
taking one whole revolution of the moon about the earth, the action of the ſun more diminiſhes 


„„ A RIO Were So wet than © ongrancs ie, therndis the ariſen of ho. 


apſes forwards, exceeds their motion backwards. Upon the whole, therefore, the apſes of 
the moon's TOO OE PPG eee * Their S 
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PROP. CLXIII. The excentricity of the moon's orbit is w in 
every revolution of the moon, and is greateſt when the moon is in Is 


ſyzygy, and leaſt when it is in quadrature ; and the orbit is moſt of all 


excentrical when the line of the ah is in the lyzygies, en leaſt of all 


excentrical when this line is in the quadratures. 
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| Becauſe the moon deſcribes an excentrical orbit CEDB how the ak. 8 and the Plate a 
action of the ſun upon it ſometimes increaſes its tendency towards the earth, and ſome- mM 


times diminiſhes it, that is, makes its gravity towards the earth increaſe or decreaſe too 


faſt: if, while the moon aſcends from her lower apfis A, its gravity towards the earth 


decreaſes too faſt, inſtead of deſcribing the path DBF, and coming to the higher ap/is at "ROW 11 85 


B, it will run out into a curve beyond DBF, that is, the orbit will become more ex- 


centric, or farther from a circle. On the other hand, if the moon is paſſing from her 
higher ap/is B, to her lower A, and its gravity towards the earth, by the action of the fun, 


increaſes too faſt, it will approach nearer to the earth than the curve CAE, and deſcribe 
a curve within CAE, or a portion of an orbit leſs 'excentric, or nearer to a circle, than 
CEDF. And if we compare ſeveral revolutions of the moon together, we ſhall find, 


that when the line of the ag is in the ſyzygies, the excentricity will be the greateſt of 7 | 


all, becauſe in that ſituation, the difference between the tendency which the moon has to 


the earth in one of the apſes, and that which it has in the oppoſite one, is the greateſt of 
all; whereas, when the line of the ap/is is A 


and therefore the lunar excentricity will be ſo too. 


Cox. When the gravity of the moon towards the earth decreaſes too al, 4 excen- | 


tricity of her orbit will increaſe : and when her gravity towards the earth increaſes too faſt, 


the excentricity of her orbit will en 3 ny the orbit itſelf will approach . nearer to on 


circle. 


* 


PROP. CLXIV. The line of the nodes moves Hicks but 8 
uniformly ; when it is in the tyaygies it . ſtill, ang moves faſteſt | 


in the quadratures. . 


When the line of the nodes is in the freygies, as CD, the plane of the n 0 
paſſes through the center of the ſun 8, as well as through that of the earth E; whence, * 


the diſturbing force acting in the direction of the line of the nodes, and conſequently in 
the plane of the lunar orbit, the moon is not drawn out of the plane of its orbit by the 


ſun, But when the line of the nodes is in any other ſituation, and the moon not in one of 


the nodes, it is continually drawn out of the plane of its own orbit, on that fide on which | ; 


the ſun lies. For inſtance, if the plane of its orbit CGDF produced paſſes above the ſun, 
| the ſun draws it downwards ; if, on the contrary, * 
i V below 
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below the ſun, it draws it upwards. Hence it 1 that when the line of the nodes is 
not in the ſyzygies, and the moon having paſſed either of the nodes, has got out of the 
plane of the ecliptic Ac BD on either fide of it, the action of the ſun occaſions the moon 

to return back to the plane of the ecliptic ſooner than it otherwiſe would do. But where 
the moon enters that plane, there is the next node; ſo that each node does, as it were, 
come towards the moon: and the nearer the line of the nodes is to the quadratures, the 
greater is this effect, becauſe, in that caſe, the ſun is the fartheſt of all from the plane of 
the lunar orbit produced. So that the line of the terre n 


e e e FFF a 


PROP. CLXV. - The inclination of the honing orbit is En to 
change, and is greateſt when the nodes are in the ſyzygies, and leaſt 
when they are in the quadratures. 


. When the nodes are in the quadratures A, B, ey lira lat 
r frames which is next to the ſun, the action of the ſun upon the 
moon prevents its aſcending ſo high, that is, departing ſo far from the plane of the ecliptic 
ADBC; whence the inclination of its orbit to the ecliptic will become leſs, and it will 
come to conjunction with the ſun at H, making an angle with the ecliptic HAD, leſs 
than GAD. As the moon goes on to the next quadrature B, the action of the ſun upon 
the moon, in its deſcent towards the node, haſtens its deſcent, and thus, bringing it down 
to the ecliptic at K ſooner than it would otherwiſe arrive there, increaſes the inclination of 
the plane of its orbit as much as it was diminiſhed in aſcending from A to H. And for the 

. fame reaſon, while the moon paſſes from B to the oppoſite ſyzygy F, the action of the ſun 
x OT OR e 6 17 0078s e paſſage from thence to A 

When the 8 CD / e 
through the center of the ſun ; . et e, On Dong 90s by the con of the fu, 
its inclination is neither increaſed nor diminiſhed. 
But while the nodes are paſſing from the ſyzygies C, D, 26 the quadratures A, B. the 

inclination of the moon's orbit is, diminiſhed in every revolution of the moon; and while 
they are paſſing from thence to the ſyzygies, it is continually increaſing. Suppoſe the 
nodes in the octants at O and L, and the plane of AGBF, the orbit of the moon, ſo in- 
- clined to ADBC, the ecliptic, that if produced, it will paſs above the ſun 8. When the 

moon is nearer the ſun than the earth is, it is attracted towards the fun more than the 
earth is; and when farther off, the earth is attracted more than the moon is, that is, the | 
moon is as it were. attracted the other way. Hence, whilſt the moon is aſcending from 
the ecliptic in paſſing from O to P, the diſturbing force being towards 8, and the orbit 
above 8, the moon will not riſe ſo high as P, and the inclination of its orbit will be 


c e ws | 
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below P to the next quadrature B, which is 45 degrees, the diſturhing force being {till 
towards 8, . becauſe the moon is as yet nearer the ſun than the earth is, and the moon 


now deſcending towards the ecliptic, the attraction of the ſun will haſten its deſcent, and 
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therefore cauſe it to move in à plane which will make with the plane of the ecliptic - 


a larger angle than before ; that is, in paſſing from P to B the inclination of the orbit is 
increaſed. ' But when the moon has paſſed B, and is moving towards L, the diſturbing 


force acting, in the plane of the ecliptic, from the ſun, and the moon ſtill deſcending 


towards the ecliptic, the diſturbing force, attracting the moon upwards, will retard its 


deſcent to the ecliptic, and cauſe it to move in a plane which will make a leſs angle with 


the plane of the ecliptic than before; that is, while it is paſſing from B to the node L, oh % 
the inclination of its orbit is diminiſhed.. Thus, while the moon paſſes from O to L, 


the inclination of its orbit is diminiſhed during three ſourths of the paſſage. In like 


manner, while the moon is aſcending from L to. I, becauſe the diſturbing force acts from 


the ſun, the inclination. of its orbit is diminiſhed ; and while it is deſcending from I to 


A, the diſturbing force ſtill acting f from the ſun, the inclination is increaſed, But While or 


it is ſtill deſcending from A to O, becauſe the diſturbing force acts tawards the ſun, the 


inclination is diminiſhed, Add to this, that while the moon paſſes from O to P, and- 


from L to I, the diſturbing force is much greater than when it was paſting from P.to L. 
and from I to O, becauſe the difference between the diſtances of the moon and of the 


earth from the ſun is greater in the former caſe than in the latter. On the whole therefore, : 


While the nodes are between A and D, B and F, eprom ties 
ſyzygy to quadrature, the inclination of the lunar orbit is diminiſhed ; for, though the 


nodes have been ſuppoſed equally diſtant from the quadrature and ſyzygy, it is obvious 
that the like effects muſt happen, though different in degree, when they are nearer to the 32 


one than the other. 


| Next, let the nodes be in the oftants, I, P, berween A and F, and B and. Wille | 


the moon is aſcending from the node I towards the quadrature A, the diſturbing force 
ating from the ſun, it will be drawn upwards, and the inclination of its orbit will be 


hereby increaſed. In aſcending from A to O, the diſturbing force acting towards the ſun, 


its aſcent will be diminiſhed, or the inclination of its orbit leſſened: but in deſcending 


from O to the node P, the difturbing force ſtill acting towards the ſun, it will be drawn 
downwards, and conſequently,  the' inclination of its orbit will be increaſed. Thus, 


during one whole revolution of the moon in this poſition of its nodes, the inclination of 


its orbit will be increaſed through three fourths of its paſſage. And this will be , 


as in the other caſe, when the nodes are not in the octants. Alſo, for. the reaſon men- 
- tioned in the other caſe, the force which increaſes the inclination of the orbit is, while it 


acts, ſuperior to that which diminiſhes it. While the nodes, therefore, are paſſing from 0 
the quadratures to the ſyzygies, the inclination of the moon's orbit is increaſing. From all | 


| which it is manifeſt, nao mor ule angler! 5 19 done | 
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Fig. 12. 


Plate 11. 
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nodes is in quadrature, . moon in ſyzygy, and e when the line of the nodes i 
in [y2Y8y- | 


PROP. cLXVI. The nodes of the moon are at reſt, when the line 


of the nodes is in ſyzygy ; they move in antecedentia, or from eaſt to 


weſt, when the line of the nodes is in quadrature; and alſo when it is 
between quadrature and ſyzygy ; but their regreſs in one revolution, is, 
in this caſe, leſs than when the line of the nodes is in quadrature. N 


| When the line of the nodes is in Hops. becauſe the diſturbing force acts in the plane 
of the moon's orbit, it cannot change the inclination of that plane to the ecliptic; whence, 
the common interſection of the two planes, or the line of the nodes, is immoveable. If, 
whilft the ling of the nodes is in AB, the moon is paſſing from A through G to B, being 
conſtantly drawn towards the plane of the ecliptic by the diſturbing force, it will come to 
the plane ſooner than it would have done if no ſuch e ora bs bags, pear bard 
it has deſcribed 1809. or is arrived at B. | 
In like manner, while the moon is paſſing from B to A, through F, being drawn 
towards the plane of the ecliptic by the diſturbing force, it will croſs the ecliptic ſooner 
than it would otherwiſe have done, that is, before it arrives at A. Conſequently, the 
nodes will have changed their places, and moved in a contrary direction to the moon. 
In any other poſition of the line of the nodes, the diſturbing force will, for the ſame 


_ reaſon, cauſe the line of the nodes to move in antecedentia, though in a leſs degree: be- 


cauſe, whilſt the moon is deſcribing the greater part of its orbit, it is drawn by the diſ- 
turbing force (as was ſhewn in the laſt Prop.) towards the ecliptic, and conſequently is 
made to croſs the ecliptic ſooner than it would otherwiſe have done, that is, the nodes 
are, on the whole, in one revolution of the moon, made to move in a direction contrary to 
that of the moon: but this regreſs is leſs than when the line of the nodes is in quadrature, 


| becauſe, during part of the revolution in this oblique poſition of the line of the nodes, the 


nodes move in conſequentia, or in the ſame direction with the moon, namely, whilſt the 
Aliſturbing force (as was ſhewn in the Laſt Prop.) draws the moon from the plane of the 
ecliptic ; whereas, when the line of the _— is in * e aan 


during the whole revolution. 
$Scuor. 1. The nodes perform one ae „ere every pare of ep 


| in about 19 yours. 


Scnos. 2., 6 o is in its 
perihelion, than when it is in its aphelion, becauſe the effect of the ſun's action, whereby 


they are produced, (he bake kai merge from the earth, They are allo 
greater 
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moon, than they a are in the latter. 
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PROP. CLXVII. In the daily contain; ei earth FRET 
axis, the centrifugal force diminiſhes the weight of bodies more at the 
equator than in any other place on the ſurface. of the earth, in the 
duplicate ratio of the ſemidiameter to the oon of the ktitude of che 


rn 8 


Plate. | 


| 7 d 327 
greater when the moon is in conjunction with the ſun, than in oppoſition, for the fan 5 15 ot; 
for the earth and moon, taken together, are nearer the ſun in the fo * . 


5 


Let PEP: be the earth, Pp the axis, Ee the equator. As the wa fn nts e 
axis, every place on its ſurface, except the two poles, deſcribes a circle, the plane of which Fs. 33 


is perpendicular to the axis, and the radius of which is the diſtance of that place from 
the axis. Thus, a body placed at A will in one reyolution of the earth deſcribe a circle, 


the ſemidiameter of which will be AB, which with the plane in which it lies will de | * 


perpendicular to the axis PP. In like manner, CE is the ſemidiameter of a circle deſcribed 


by the revolution of a place in the equator, But CE is the ſemidiameter of the earth, and 
AB is the coſine of latitude of the place A; for AB is the fine of AP, the complement of 
AE, which is the latitude of the place. And a body at E, revolving in a circle whoſe 


radius is CE, performs its revolution in the ſame time with a body at A, revolving in a 


circle whoſe radius is AB. But where the periodical times are equal, the centrifugal forces 


are as the radii, by Book II. Prop. LXXVII. Whence the body at E has its cenerifugat 


force as much greater than the body at A; as the radius CE is greater than the radius AB; _ 
and univerſally, the centrifugal force at the equator is to the centrifugal force at any-other 


place on the ſurface of the earth, as the ſemidiameter of the earth to the coſine of the latitude 
of the place. And ſince it is manifeſt that the gravity muſt be diminiſhed as much as the 


centrifugal force is increaſed, the gravity of a body at the equator is as much lefs than that 


am 


© 


of a body at any other place on the earth, „nn of. the ee than 13 


| the coline of the latitude of the place. 


Moreover, if the centrifugal forces at E and A were a they would dmiriih the - 
weights of bodies anequally, on account of the different directions in which theſe forces att.” 
The centrifugal force at A, acting obliquely upon the farce” of gravitation towards C, can 


0 duminiſh this force by fuck SP COR POOR the-direftion of gran 


* wy — 7 
* « . F F 4 \ : 
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tation, that is, reſolving Ab which may expreis the centrifugal force at A into Aa, ab, the 
part of the centriſugal force which will act to diminiſh the gravity of the body at A, will 
be to the whole centrifugal force at A, as Aa to Ab. Whereas at E, the whole centrifugal 


force, acting in direct oppoſition to the force of gravitation, will operate to diminiſh the 


weight of a body at E. Hence the force which acts to diminiſh the weight of a body, 
that is, the diminution at E is to the ſame at A, as the whole centrifugal force Ab to 
the part Ag. But Ab is to Aa, as CE to BA: for, the triangles Aab and ABC being 
ſimilar, Ab is to Aa, as AC or EC to BA. Therefore, from the different directions in 
which the centrifugal forces act at E and A, the weight at E is as much more diminiſhed 
than at A, as EC the ſemidiameter is 5 the coſine of the latitude of the 
Places, K. 

The centrifugal ** he a the A of K. in the ratio of EC to 
AB, both becauſe the centripetal force at E is greater than at A, and becauſe it acts directly 
at E, but obliquely at A. Therefore the centrifugal force diminiſhes the weight of a body 
at E, more than at A, in the duplicate ratio of CE to BA, that is, enen 
at A, as the ſquare of CE is greater than the ſquare of BA. 


ScuoL. It is found by calculation from this Prop. that e e . | 
niſhed by the centrifugal force in the ratio of 288 to 289. 
Con. 1. If the diurnal motion of the earth round its axis was about 17 times faſter than 
it is, the centrifugal force would, at the equator, be equal to the power of gravity, and all 
bodies there, would entirely loſe their 12 But if the carth revolved Mill W than 
this, they would all fly off. | 

Co. 2. Since a place in ; the equator deſcribes a els 3 miles in 1 
(Prop. III. Cor.) it is evident that the velocity with which that place moves, is at the rate 
of about 17. 3 miles per minute. T he, velocity in any parallel of latitude decreaſes in the 
proportion of che coſine. pf late, to radius. Thus, for the latitude of London, ſay, 
as Rad. ; Col. 517 300 :: velocity of the equator : velocity of London; by logarithms, 
as 19.09000. ; 9.794150. : 1.232040 : 1.026196 = 10. 6 miles; that is, the city of 


| London moves about the"axis of the earth at the rate of more than 101 ON AO 


of time. 12 » 0 YI IF. G3 1 43 $4 ir £4 + 17 FEED wo. 38 ! * a % | 


3. 1667369. 2} 


PROP. CLXVIIL The alt, is an n oblate ſpheroid, dete at the 
equator, and depreſſed at the poles. | ah» Jo. 


- It has been found by obſervation, that a pendulum, n n 3 
vibrate ſeconds. at the equator than at the poles 3. but (from Book II. Prop. XLIII. and 
XLIV.) the lengths of pendulums vibratiog in the fame time are as the gravities at the places 


"RO Ls A And. 
it 
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it has been found by Sir I. Newton, that this difference of gravity is ſo muuh greater than 

would ariſe from the centrifugal force alone, that the ratio of the equatorial diameter of the 
earth to the polar diameter, muſt be as 4 to * ner: makes the equatorial diameter 
exceed the an by about 34 miles. 


Cor. 1. Hence bodies near the poles are Napier than * bodies ma the 
equator ; (1.) Becauſe they are nearer the earth's center, where the hole force of the earth's - 
attraction is accumulated. (2.) Becauſe their centrifugal force is leſs on account of their 
diurnal motion being flower... For both theſe. outils, bodies carried from e 


che equator, gradually loſe their weight. 0132055 e ee ERS 


Con. 2. The degrees of ee W 
the equator. For an arc of a meridian near the poles is leſs. curved than near the equator, 
that is, it is an arc of a larger circle 3 whence a degree 'mealured upon that arc muſt be 1 
greater than upon an arc of the ſame meridian at the equato . : | 


Cox. 3. The tendency of a heavy body, on any part of che ſurſace af the earth 
between the poles and the equator, is not directly towards the cy but towards Joon 
point between the center and the equator. | ; LY 


ScnoL. The point towards which 2 1 5 in Mp dels ples will tend e! de- 
termined. = 


Fer (by Prop. CVI) as radius EC is t0 ths coſine of Jtiude of the eie AB, 46 pre 1 | 
is the centrifugal force at E to the centrifugal force at A in the direction Ab. Produce, "© we „ 
therefore, the line BA to 5, till Ab has the ſame ratio to AC, as the quantity laſt found „ 
has to gravity upon the ſurface of the earth. Complete the parallelogram A#Cr; the point 
ſought will be c, and the tendency of the body will be along Ac; thus ſuppoſe the latitude - 
of the place 51. 460. The centrifugal force at the equator is found to be that of gravity, - * 4 
as I to 289: hence, as radius to the coſine of 51%. 46; ſo is 1 t0 618, which is the 3 7 
centrifugal force at A. Conſequently, the centrifugal | force: at A is to che force of | 2 
gravity, as ,618 to 289: therefore, by che conſtruction, Ab or Cr, is to AC in that ratio. | 
The ratio of AC to Ce being thus found, as AC is to Cc, or us 289 is:40 18, fo will he 
{ine of the angle of latitude ACr, or 3%. 46'. be to J. nearly, which is. the angle required, 
meaſuring the deviation nnen OE * 
CRIT We C $ 
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Of the PxEetsSION of the e 


Dex. LXIV. A Periadical Vear, is the time in which the ſun com- 

pletes its revolution through the ecliptic. ny 
Der. LXV. A Tropical Pear, is the time in which the ſun com- 
plletes its revolution ſetting out from any ſolſtitial or e point, 
and returning to the ſame. | 


PROP.” CLXIX. The een 5 points move in . or 
go backwards from eaſt to weſt, contrary to the order of the ſigns. 


It is found from obſervation, that the equator and ecliptic do not always interſect each 
other in the fame points, but that the points of interſection change their place, moving 
from eaſt to weſt, whilſt the inclination of the planes remains the ſame. This motion is 
called the Wanne FR the Fitts ha becauſe it carries the n points in precedentia 


fem. 
PROP. CLAX. The n of the equinoxes makes the AI 
year ſhorter than the periodical year. 55 5 


If, while the F 
contrary direction, it is manifeſt, that the fun muſt arrive at the ſolſtitial or equinoctial 
point from which it ſet out, beſore it arrives at the ſame place in the zodiac, or "muſt com- 
| plete the tropical year ſooner than the periodical year. | 
I be tropical year is obſerved to be 365 oy 5 . 49” ane the deute pas 
365 days, 6 hours, 4 minutes, 4 FOI88 


'PROP. CLXXI. The e of PU equinoxes FR the . 
of the equator to deſcribe a cirele from eaſt to well about the poles of 
the ecliptic. 

In this preceſſion, the plane of the equator revolyes from eaſt to weſt, 1 


tic, which, with its mates wen. in ſucceſſive points. But while the plane of the 
equator 


cap; V.  PRECESSION. OF. THE EQUINOXES.' 


equator is revolving, its axis muſt revolve with it the ſame way. And, ſince the plane of 
the equator is always equally inclined to that of the ecliptic, the axis of the equator muſt 
always have the fame inclination to the axis of the ecliptic: conſequently, the poles of the 
equator will revolve round the' poles. of the ecliptic, always preſerving the ſame diſtance 


from each other ; e e e eb ene MING about rde 


the ecliptic, 


Exr. The 5 of the equinoxes, and dhe revolition of ths pole of the equator / 


about that of the ecliptic, may be thus repreſented on the celeſtial globe. Let the broad 


wooden horizon repreſent the ecliptic ; ; place the axis of the globe perpendicular” to the 
wooden circle; the ecliptic on the globe will then make an angle of 237. 300. with the 


wooden horizon : conſequently, if the wooden horizon repreſents the ecliptic, the circle 
which commonly repreſents the ecliptic will now repreſent the equator ; and the two points 
in which this circle cuts the wooden horizon will repreſent the equinoctial points. If the 


globe, in this poſition, be turned lowly round from eaſt to weſt, theſe points of interſection 
will move round the ſame way, while the inclination of the circle which now repreſents 
the equator to that which repreſents the ecliptic remains the ſame: whence the preceſſion of 


the equinoxes is properly repreſented. - Again, the axis and poles of the globe now repre- 
ſenting thoſe of the ecliptic, the axis and poles of the ecliptic, marked on the globe, will 
repreſent thoſe of the equator ; and in turning the globe round from eaſt to welt; the points 
which repreſent the poles of the equator, will reyolye the ſame way round the poles of the 
globe which repreſent thoſe of the ecliptic, and the axis of the ſuppoſed _— 1205 Ry 
make the ſame angle with the wp of the foppoled Wa JJ - 


| PROP. C LXXIL The Wee of the equinoxes is cauſed IR the 


aha of the ſun and moon on that exceſs of matter about the equatorial 
parts of the carth, by which from a 1 ſphere it been an oblate 


ſpheroid. 


33¹ 


Let ADCB be ei 10s BONN? 8 als: hid E * „ AFDG » agrar 
encompaſſing the earth at any diſtance, as Saturn is encompaſſed by its ring. Let the balf*'® ** 


of this ring AGB towards the ſun be above the plane of the ecliptic, and the other half 
below it: then, a line paſſing through A and B will be the line of the nodes of this ring. 


If it be ſuppoſed that this ring moves round its center E, the fame way in which the moon i 


moves round the earth, it is obvious that every point of this ring will be acted upon by the 
diſturbing force of the ſun in the ſame manner as the moon was ſhewn to be ated upon in 


Prop. CLVUI, &c. Particularly, the motion of the nodes of this ring, and conſequently 


= of the whole ring which moyes with theſe nodes, and its inclination to the plane in which 5 


its center moves, will be affected in the ſame manner with the orbit of the moon: whence, 
s nodes when in ſyzygies will fand fill, and its f wil OE OR 


W other 


Y 1 
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ocha Erumives, the nodes will go backwards, and faſteſt of all when in the quadratures, at 
which time the inclination of the ring will be the leaſt. This will be the . 
| the thickneſs of the ring, or its diſtance from the center. 

If this ring be ſuppoſed to adhere to the earth, it is obvious that it will dil eee 
motions deſcribed above, and that in this ſituation, the earth itſelf muſt participate of theſe 
motions. Now the earth being an oblate ſpheroid, having its equatorial diameter longer 
than that which paſſes through its poles, this redundancy of matter, by which the form of 
the earth departs from a perfect ſphere, may be conſidered as a portion of the ſuppoſed ring, 
which receives from the action of the ſun the motions above mentioned, and communicates 
them to the earth. Hence the equinoctial points, which are the nodes of the ring, when 
they are in ſyzygy, that is, at the equinox, will ſtand ſtill, and the inclination of the 
equator to the plane of the ecliptic will be the greateſt : in all other ſituations they will go 
backwards, and faſteſt when in quadrature at the ſolſtices; and the inclination of the plane 
of the equator to that of the ecliptic is then the leaſt. 


Con. Hence the axis of the earth, being perpendicular to the plane of the equator, 
changes therewith its inclination to the plane of the ecliptic twice in every revolution of 
the earth about the ſun. For inſtance, it increaſes whilſt the earth is moving from the ſol- 
ſtitial to the equinoctial, and diminiſhes as much in its paſſage from the equinoctial to the 
ſolſtitial points: which phenomenon is called the Nutation of the Poles. . 

Senor. This preceffion of the equinoxes is found to be 50 ſeconds of a degree, every 
year, weſtward or contrary to the ſun's annual motion: fo that with reſpect to the fixed 
ftars, the equinoctial points fall backwards 30 degrees in 2160 years, whence the ſtars will 
appear to have gone 30 degrees forward, with reſpect to the ſigns of the ecliptic, which are 
reckoned from the equinoctial point. Ties the flars which were formerly in Au are now 


in Taurus, &c. : rn ne angag 


CHAP. V. 
of the Frors. 


PROP. CLXXIIL The tides are cauſed by the attraction of the moon 
and of the ſun. 


e eee ee 
water covering the ſurface of the earth; let M, un, be the moon; 8, s, the fun in different 
- fituations. Becauſe the power of gravity diminiſhes as the ſquares of the diſtances increaſe, 
(by Prop. CXL VIII) the waters on the fide of the earth A are more attracted by the - 
moon at M than the central parts of the earth C, and the central parts are more attracted 


F 


tas the waters on the oppoſite fide of the earth at L: conſequently tas ds i ak 


cerning the moon) the waters on the ſide L will be as it were attracted from the center of 


the earth, or will recede from thence. Therefore, while the moon is at M, the waters 
will riſe towards a and I on the oppoſite ſides of the earth A, E; | white, by the . 


attraction of the moon, the waters at P and N will be depreſſed. 
Or thus: becauſe (by Prop. CLV.) the moon and earth are continually hate about 


their common center of gravity, ſuppoſe 4; the points A, C, L, deferibing circles about 
this common center in the ſame periodical times, the forces required to retain them in theſe 
circles (as may be inferred from Book IT. Prop. LXXV.) will be to each other as their 


_ diſtances from the center aA, aC, aL. Conſequently, the point L requires a greater force 
than C, and C than A, to N it in its orbit. Now theſe points are retained in their 
reſpective circles by the moon at M; and conſequently the point L, which is moſt remote, 


and therefore requires the greateſt force, is attracted the leaſt, whilſt A, the neareſt point, 


is attracted the moſt. Thus, the water about A being attracted too much, and that about 
L too little, both will have their gravity diminiſhed by the action of the moon, and will 
endeavour to leave the center C ; while the water at P and N, having their gravity increaſed 
by the ſame cauſe, will ſubſide. Hence the form of the water on the ſurface of the earth 


will become an oblong ſpheroid. 


This oval of waters CES moon in its monthly 1 3 the * 3 


while the earth, by its daily rotation about its axis, preſents each part of its ſurface to 


the direct action of the moon, twice each day, and thus produces two floods and two Ebbs. 


But becauſe the moon is in the mean time paſſing from eaſt to weſt in its orbit, it comes 
to the meridian of any place Jater than it did the preceding day ; whence the two floods 


and ebbs require nearly 25 hours to complete them. The tide is at the greateſt height, 
not when the moon is in the meridian, but ſome time afterwards, becauſe the force by - 


which the "raved tales thy OR» ee ee e men 


As the moon thus e e dent d and depreſſes it in another, this te ds 


the ſame; but in a much leſs degree, on aecount of the ſmall ratio of the ſemidiameter of 


the earth to the diſtance of the ſun; for, as it was ſhe wn of the moon, that the force of the 
ſun by which it diſturbs its motion is as the diſtance of the moon from the earth to that of 
the ſun from the ſame, fo, in this caſe, the force of the ſun to diſturb the waters is as the 


| ee enen tion en nm 


- PROP. CEXXIV.- The tiles are genen at the new and ful n moons, 


and leaſt at the firſt and laſt Rs and the Wa oy are near 
the tune of the equinoxes. .. 2 | VVV 


333 


When the moon is in SO or „ with the ſun, as M. n, 8. the tides ; Fits Plate BY 
each endeavours nem whereas, when the moon, is in the firſt or * 
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laſt quarter, the ſun being in the meridian when the moon is in the horizon, as M, 3, 


depreſſes the water where the moon raiſes it; whence the tides are then the leaſt of all. 


On the full and new moons, which happen about the equinoxes, when the luminaries are 
both in the equator or near it, the tides are the greateſt of all: for firſt, the two eminences 


of water are at the greateſt diſtance from the poles, and hence the difference between ebb 
and flood is more ſenſible ; for if thoſe eminences were at the poles, it is obvious we ſhould 
not perceive any tide at all: ſecondly, the equatorial diameter of the earth produced paſſes 
through the moon, which diameter is longer than any other, and conſequently there is 
greater diſproportion between the diſtances: of the zenith, center and nadir, from the center 
ar of bs e and; mem. in, the Fegetien than- in apy" other : and thirdly, the 
water . riſing higher in the open ſeas, | ruſhes to the ſhores. with greater force, where being 


| Kopped, it riſes higher ſtill ; for it not only riſes at the ſhores i in proportion to the height it 


riſes to in the open ſeas, but alſo according to the velocity with which it flows from thence 
againſt the ſhore. The ſpring tides, which happen a little before the vernal and after the 
autumna] equinox, are the os; a hepuels the fan 8. nearer the earth, in the winter 


PROP. CLXAXV. When Ten moon is in Like ins Wee it 


| produces a greater tide while it is in the meridian above the horizon, than 
when it is in the meridian below it; when. in the NR hemiſphere, | 


the reverſe. 


Let AFHD repreſent the 1 . 4 PO, ths adn p th oh 
pole, and O the ſouth pole, EQ the equator, FH a parallel to it on the ſouth fide, and KD 
another parallel to it on the north ſide. Let the fluid ſurrounding the earth form itſelf into 
an oblong ſpheroid, whoſe longer axis HK produced, paſſes through the moon at L. The 
right lines TK, or. TH, drawn from the center T, will repreſent the greateſt height of 
the water in thoſe places. Then, ſuppoſing NM perpendicular to KH, IN, or TM, will 
denote the leaſt height, and will repreſent the height of the water in all parts of the globe 


through which the circle NM paſſes. The right lines TE, TF, TH, mas n. wo 


ſhew the height of the water in thoſe reſpective places E, F, H, AB. 

Let us now conſider ſome place in particular, which, by the diurnal motion 8 
deſcribes the parallel ED. When that place is at K, the height of the water TK is the 
greateſt, that is, it will be high water, and the moon L will be in the meridian. But after- 
wards, when that place comes to X, the height of the water will be the leaſt, that is, it 
will be low water; and when the ſame place comes to D, it will be high water again. 
But becauſe IK is greater than TD, therefore, in the preſent caſe, when the moon is 


on the north ſide of the equator, or in n northern ſigns, the height of the ſea, or tide, 


will be gran | when the moon is in the 155 vo the meridian which is above the horizon, 
| than 


— - 


OF THE TIDES. 


CHAP. V. 


than when it is in the meridian, and below it. Hence i is hed he bi e 
the northern ſigns, n enen tides on our de n, when it is above the 

Again, TH, d- dl tl e e e I 
that deſcribes the parallel FH, the greateſt height of the water, when the moon is in the 
northern ſigns, is when it is on that part of the meridian that is below the horizon of that 
place, and the leaſt tides when it is above the horizon. For the like reaſon, when the 
moon is in the ſouthern ſigns, the greateſt tides on the other ſide of the equator will be 


when, it fl our beret. angl the, i d n in bor 6 „ 


Scnor. What bath been faid of the tides, muſt be ee windy e ble 
the-globe of the earth is coyered entirely with water to a conſiderable depth: but continents 
which ſtop the tide, ſtreights between them, iſlands, and the ſhallowneſ of the ſea in ſome 
places, which are all impediments to the courſe of the water, cauſe many exceptions to 
what hath been above laid down. Theſe e e be explained from particular 
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BOOK v. on PART 18. 2 
07 the FIXED: STARS. 2A ns 


Der. LXVIL unn e Auer hi "ths Wee at 
the ſame diſtance from each other, are called mann, ee roar 
do not appear to have any proper motion of their own,” 


7 
„ 
ww ® 4 


© PROP. CLXXVI, The fixed FR are luminous TE 1 


Becauſe they appear as points of ſmall magnitude when viewed through a teleſcope, they 
muſt be at ſuch immenſe diftances, as to be inviſible to the naked eye if they borrowed their 
light; as is the caſe with reſpect to the ſatellites of Jupiter and Saturn, although they 
appear of very diſtinguiſhable magnitude through a teleſcope. Beſides from the weakneſs of 
reflected light, there can be no doubt but that the fixed ftars ſhine with their own light. | 
They are eaſily known from the planets, by their twinkling. 


\ ScyoL. The number of ſtars, viſible at any one time, to the naked eye, is about 1000 : 
but Dr. Herſchel, by his magnificent improvements of the reflecting teleſcope, has diſco- 


OO e rant gan ot conception. 


PROP. CLXXVII. The fixed ſtars appear of different 1 


The magnitudes of the fixed ſtars appear to be different from one another, which differ- 
ence may ariſe either from a diverſity in their real magnitudes, or diſtances; or from both 
theſe cauſes acting conjointly. The difference in the apparent magnitude of the ſtars is 
ſuch as to admit of their being divided into ſix claſſes, the largeſt being called ſtars of the 
firſt magnitude, and the leaſt, which are viſible to the naked eye, ſtars of the ſixth magni- 
tude. Stars only viſible by the help of glaſſes are called teleſcopic ſtars. 


Scho. 1. It muſt not be inferred that all the ſtars of each claſs appear exatly of the 
fame magnitude; there being great latitude given in this reſpect; even thoſe of the firſt 
magnitude appear almoſt all different in luſtre and ſize. There are alſo other ſtars of inter- 
mediate magnitudes, which, as aſtronomers cannot refer to any one claſs, they, therefore, 
place them between two. Procyon, for inftance, which PToLEMY makes of the firſt mag- 


nitude, and Tycno of the ſecond, FLAMsTEAD Jays down as between the firſt and ſecond. 
| 80 


4 
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8⁰ chat inſtead of 6 magnttudes, we may lay that there are almoſt as many orders of 2 
as there are ſtars; ſuch conſiderable varieties n obſervable i in their 2 ELS. cole 


and brightneſs,  _ | 
School. 2. Wa b appear 0 Gs ſenſible . to the 


glare of light ariſing from the numberleſs refleions of the rays in coming to the eye; this | 


leads us to imagine that the ſtars are much larger than they would appear, if we ſaw them 
only by the VVV e OM 
intermixed with others. LET. Fa 10 u £471 


Exe. Wanne a fixed far of- ih firſt a through”: a * and narrow ie; 


which, though it takes in as much of the 1 as would Dol a top Huck. tary, er 5 


renders that one viſible. 


1 
- 
8 o 
ES # * 8 


Scho“. 3. There ſcems but letle reaſon to expect 3 hes the fixed 2 


| ftars will ever be diſcovered with certainty, we muſt, therefore, be contented with an 
approximation, deduced from their parallax, (if this ſhould be ever aſcertained): and the 
quantity of light they afford us compared with the ſun. To this purpoſe, Dr. HxRScHEL 


informs us that with 2 magnifying power of 6450, and by means of oy new micrometer, _ 


he found the apparent diameter of u Lyræ to be of.335, 018 e vef3 e 


Dr. HERSchHEL's method of finding the annual parallax of the fixed ſtars iv by: obſerving 


| | bow the angle between two ſtars very near to each other varies in oppoſite parts of the 
year. The following is the moſt fimple caſe given by that great aſtronomer. Let G and E 


* 


be two ſtars ſituated in a line with the earth at A, and ſuppoſed perpendicular to the diumteter Plat 11. 
AB of the earth's orbit, and when the earth is at B obſerve the angle GBE. Let P = the "* +: 


angle AGB, or the annual parallax of G; p the angle GBE found by obſervation ; 22 
the angles under which the diameters of G and E appear, and draw GH perpendicular 


to BG. Then y: P:: GH: AB:: GE: AE:: (becauſe M AE AGM i hy, 2 


hence Mn the parallax G. If G be.» flar of die fat magnitude, and Een; of 
£4 a0 


the third, and p = 1”, then P = 1“ f. See Phil, Tranſ. Vol. IXI. 


ie berg ah ee en . e ns | 
a and that a ſtar of the ſecond magnitude is at double the diſtance of one of the firſt, and fo 5 


_ on; theſe ſuppoſitions are certainly not founded on any avalogy from the known, and well 


eſtabliſhed e that ſyſtem of bodies to which we belong. £4 2500 3 5 


School 4. Tbe ingenious obſervation of Kirkin upon the magnitudes and diſtances 


; of the fixed ſtars, deſerves to be introduced here, and the more ſo, as he was followed in 
the conjecture by the great Dr. HAL LEVY. He obſerves, that there can be only 1g points | 
upon the ſurface of a ſphere as far diſtant from each other as from the center;; and ſuppoſing © 
the neareſt fixed ſtars to be as far from each other as from the ſun, he concludes that err 


menen 1 09 r ee e en ee , 


* 
8 R 4 THI! * 2 * e ; 2h 
4 s 4 a 1 | 
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| there may be placed four times as many, or 52: at three times that diſtance, nine times as 


many, or 117 ; and fo on. Theſe numbers will give pretty nearly the number of ftars of 


the firſt, "ſecond, third, &c. magnitudes. Dr. Halley farther remarks, that if the number 


of ſtars be finite, and occupy only a part of ſpace, the outward ſtars would be continually 
attracted to thoſe within, and in time would unite into one. But if the number be infinite, 
and they occupy an infinite ſpace, all the parts would be nearly in equilibrio, and conſe- 
quently each fixed ftar being drawn in oppoſite directions would keep its place, or move on 
till it had found an equilibrium. Phil. Tranſ. N. 364. See alſo the introductory remarks 
« Dr. Herſchel to a paper on the changes of the fixed ſtars, Krit Tranſ. 1796. 


PROP CLXXVII. The fixed lars are divided into chiihrkijs, 


or ſyſtems of ſtars. 


1 FP to in Grpation 
——— divided them into ſeveral conſtellations, that is, ſyſtems of ſtars, each 


ſyſtem conſiſting of ſuch as are near each other. And to diſtinguiſh theſe ſyſtems from one 


* another, they gave them the names of ſuch men or things as they fancied the ſpace they took 


up in the heavens eee Teen umme 


2 The following table contains the names of the W and the number 


1 „ 


e eee C0 
Tbe Great Bear 5 
Bootes, Arpbila: Bootes 5% % Rr Ce ER 


Corona Borealis. be Nortbem Cen 8 8 s ax 
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Delphinus _ 
Equulus, Equi ſetio 
Pegaſus, Equus 
Andromeda 

Aries - 

Taurus 


Virgo - 
Libra, Chel# 
Scorpius 
Sagittarius 
Capricornus 
Aquarius 


Cetus 

Orion 

Eridanus, Fluvius 

Lepus 

Canis major 

Canis minor 

Argo Navis 

Hydra 4 

e 

Lupus 1550 
Corona Auſtralis 

Piſces Auſtralis -/ 


* Columba Noachi 


OF PHE OIXED STARS. 


The-Doljhin 1 
The Horſe's Head 
Wee eg 


Andromeda 


The Triangle 
The Ram 


The Bull ö 


TheiCrab 


The Virgin 


i, The e 


The Archer 
The Goat 


... Ihe _, 


Orion 


| Eridanus, oh * 


The Hare 3 


The Great 


The Little Dog 
The yp 


Hie Wolf © if” 
The Altar 8 
| The Southern Fiſh. 


2 mr Southern a 


This Game, 2 


X x2 


+ { Bhs Bu * Ine of Se i, 


* 
1 
. 
3 
oo W f 
8 8 8 4 
CR 8 


8 


* 


8 
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1 # 
hs 
+ 
ma 


* 
; 2 
8 8 88 8828 
= | g F 
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0 
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3 nN 9 4 
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) © &> *{ <5 | The Phenix 
. RY The Peacock 4 
Apis, Muſca . f 9 
Chamæleon . The Cameleon 
Trriangulum Auſtralis TDhe South Triangle 
Piſeis volans, Paſſer The; Flying Fin 


1 Dorado, Tibia | The Sword Fiſn 


| The American Gooſe | 
: Thi Water Snake 


1 Hevelius's Contellions male out of che unformed Stars; 
43. 

E dor * | The Little Lion 2 
7 Addon & Cra The Greyhound 23 
E Sc iti Im Sobieſki k . Sobieſki's: Shield 7. 

8 . The Lizard © 10 

| Camelopardds © The Camelopard: 3 

EE Sextans © 5 | The Sextant 1 


5 
=: "#3 4 


Rb CCTV unformed flars. Beſides: 


the names af the conſtellations, the antient Greeks: gave particular names to ſome. ſingle - 
lars, or ſmall collections of ſtars: FF 
Was called the Pleiades ; five ſtars in the bull's face, the Myades; a bright ſtar nne. 


of Zoo, the Lyon's Heart; and a large tar between the knees of Booter, Af, ,, 


-6Scnox. 2. The conſtellations may be repreſented on two plane ſpheres projected on 
great circle, or on the convex ſurface of ſolid ſphere, as on the celeſtial globe, or moſt 


perfectly on the concave ſurface of a hollow. ſphere} If the celeſtial globe / be made uſo of, , 


after rectifying it to the time of the night, the ſtars may be found, by conceiving a line 


drawn from the center of the globe through any ſtar in the heavens, and its repreſentation. 


upon the globe. Greek letters have been added by Bayer to ftars in the ſeverah conſtella- 
| e Rte mm * * e e 1 22 


| ir HY 


5 
1 
„ 


1 


v0 v. ran I OY THE FIxXED STARS.. „ 
Schol 3. Twelve of theſe ans pn the ecliptic, 3 


1 broad, called the Zodiac, within which all the planets move. The conſtellation, Aries, 


about 2000 years ago, lay in the firſt ſign of the ecliptic ; but, on acpount of the procefiion == 


of the equinoxes, it now lies in the ſecond. | Prop; CLXXIL Schel. In the-foregoing 


table Antinous was made out of: the unformed ſtars-near: Apuila : am Gm \Berenites out of 


che unformed ſtars near the Lyons tail. They are both mentioned by Prorziuv, but 26 


unformed ſtars- The conſtellations as Bra ee will Gove Wieden, Foes IR | 


* þ 


1 4 ory ©; * YAY! * 2117 10 7 4 2 15 Hom rr ga COTE FF 


5 Gr _ as are ſouthern... 201 ©; i 1 e 113 74 3 THY 871 + Toy eat * 4 TH | + 5 * 


"PROP; Lam Tue 5 Pant bf PP: Herbert P 


1 ae, Saft at ing be & Tall za de ken iy the naked ge. 


. ” $ 


In a paper 0 d ue Br. nn pte u e 


Tub ie Wund Kan 6 


that the great ſtratum called the milky way is that im which the ſun is placed, though 


perhaps not in. the center of its thickneſs, but not far from the. place where ſome ſmaller: 
ſtratum branches from it. Such a ſuppoſition will  fatisfaQorily, and with great ſimplicity,. 
„ for all the phzenomena of the milky way, Which, according to this hypotheſis, is 

| jeRic of the Kar; contained; in this free dee 


other paper on the ſame { M LC: 
| Aratum of ſtars of yarious ſizes admits no longer of the. leaſt doubt; and-chat our fim is 
actually one of the heavenly. bodies belonging to it is as evident. 
+ We will now retreat to our own zetired tation in one of. the planets attending a flar- 
in the great combination with.numberleſs others; and in order to inveſtigate what. will be 


the appearances from this contracted ſituation let. us begin with the naked eye. The ſtars of: 


the firſt magnitude, being in all. probability the. neareſt, will. furniſh us wich a ſtep. do 


* 


degin our ſeale; ſetting off, therefore, with the diſtance of Sirius or Arcturus, for inſtance, ies 


as unity, we will at preſent ſappoſe,, that thoſe of. the ſecond: magnitude are at double, and 
_ thoſe. of the third at treble the diſtance, , and ſo forth. Taking it, then, for granted, chat a. 
| tar of the ſeventh, magnitude is about ſeven times as far from. us as one of the. firſt, it 


- follows that an-obſeryer,, who is encloſed, in a. globular. cluſter of. ſtars, and not far from: 


the. center, . will, neyer- be able, with the naked-.eyc, to ſee to be end of it . for. hnee,, | 


 . according. to the above eſtimations,. he. can only extend his view 5 850 ſeven times the 


diiſtance of Sirius,, it canfot be expetted, that his eyes ſhould reach e of a cluſter, : 
| which has, perhaps, not leſs than fy ſtars in depth every v where. around him, The whole: 
_- univerſe, therefore, to; him, will. be compriſed in a. ſet. of conſtellations,. richly ornamented . 


- with ſcattered ſtars of all ſizes... Or if the, united brightneſs of a neighbouring cluſter of 
ſtars ſhould, in a remarkably cleat night, reach his light, it will; put on. the appearance of 
3 + final, 5 3 not to be e without the ann attention. . Allowing. 
ham: 


* * 5 
1 * * 


Zo 
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mim the de u wn on teleſeope, he begins to ſuſpeR that all the milkyneſs of the bright 
path weh ſurroums the ſphere may be owing to ſtars. By increaſing his power of viſion, 
de becomes ctetain, bat che mülky way is indeed no other than a colleflion of e ig 
n but Cuſters of ſtats . 
Dr. be eee eee eee for Empel * nm of the vidual i: 
vl the toleſtops, which he uſes, will reach to ſtars 497 times the diſtance of Sirius. Now 
(by Prop. B. Cor. 1. p. .) Sirius cannot be nearer than 200.000 x 194-000.000 miles, therg- 
fore Dr. Herſchel's teleſcope will, at leaſt, reach to 100.coox 194:000.000x497 miles 
And Dr. Herſchel ſays, that in the moſt crowded part of the milky way, he has had fields 
, of view'that contained mo Jeſs than 588 ſtars, and theſe were continued for , many. minutes, 
fo that, in a quarter of an hour, he has ſeen 116. ooo ſtars paſs through the field view of a 
teleſcope of only 15%. aperture: and at another time, in 41-mimites, he fav 258.00 ars 
paſs through the field of his teleſccpe. Every improvement in his teleſcopes has diſcovered 
ſtars not ſeen before, To that there appears no bounds. to their n or to che extent of 


eee, dee Phil. Tranſ. Vol. TXxIV. and EN IJ. 


© Senor. 7. "There ate" ſpots in the "heavens, catted Nebule, a. = 


cluſters of teleſcopic ſtars, othets appear as luminous ſpots of different forms. The moſt 
conſiderable is one in the tnid- way between the two ſtars on the blade of Orioms ſword, 
marked 9 by Bayer, diſcovered in the year 1656 by Huygens; it contains only ſeven ſtars, 
and the other part is a bright ſpot upon a dark ground, and appears like an 'opening” into 
"brighter reglons beyond. Dr. HxrT Ex and others have diſcovered nebulæ in uffferent parts 
of the heavens. In the Cvnndiſſance des Temps for 1783 arid 1784, there is 2 catalogue of 
103 nebulæ obſerved by Mess TIER and MrchAix. But to Dr. HxxschEl we are indebted 
for catalogues of 2000 nebulæ and cluſters of fars which he himſelf has diſcovered. Some 
of them form a- found compact ſyſtem, others are more irregular, of various forms, #hd 

ſome are long and narrow. The globular ſyſterns of ſtars appear thicker'in the middle, than 
"they wodld do if the ftars were all at equal diſtanees from each other; they are therefore 
condenſed towards the center. That ftars fhbuld be chus aceidentally diſpoſed is too. ith- 
- probable 7 ſuppoſition to be admitted; he ſuppoſes, therefore, that they are brought together 
by their mutual attractions, and that the gradual condenfation towards the center, is a proof 

of a central power of ſuch à kind. He obſerves alſo, that there are ſome additional cireum- 
ſtances in the appearance of extended cluſters and nebulæ, that very much favour the idea f 
4 power lodged in the brighteſt patt. For although the form of them be not globular, it 
is plain that there is a tendency to ſphericity. As the ſtars in the ſame nebulæ muſt be very 
nearly all at the fame relative diftances from us, and they appear nearly of the ſame ſize, 
"their real magnitudes muſt be nearly equal. Granting, therefore, that theſe nebulz and 
- cluſters of ſtars are formed by mutual attraction, Dr. Herſchel concludes that we may judge 
of their relative age by the diſpoſition of their component parts, thoſe being the oldeſt 

Weh ae moſt 4 He ſuppoſes, a and indeed en, eren eps | 


Sx 3 
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that the milky way js the nebulæ, of which, our wm, * of its r See 
Phil. Tranſ. Vol. Lxxv1. We eee ee wi 


Schok. 2. Dr. Herſchel has alſo. a a eB ie rt ons 16 at | 
calls nebulous ſtars, that is, ſtars ſurrounded” with a faint luminous atmoſphere of large. 


extent. Thoſe which have been thus ſtiled by other aſtronomers, he fays; ought: not ua 
have been ſo called, for on examination they have proved to be either mere cluſters of ſtars 


plainly to be diſtinguiſhed by his large teleſcopes For ſuch nebulous appearances as might be 


occafioned'by a multitude of ſtars at a vaſt diſtance. The milky way Sonſiſts entirely of 


ſtars, and he ſays, © I have been led on by degrees from the moſt evident congeries' of | 


ſtars to other groups in which the lucid points were ſmaller,” but ſtill very plainly to be 


343 


| ſeen; and from them to ſuch wherein they could but barely be ſuſpected, until I arrived at 


laſt to ſpots. in which no trace of a ſtar was to be diſcerned.” But- then the gradation to 
theſe latter were by ſuch connected ſteps as leſt no room for doubt but that all theſe plizzno- 


mena were equally Imus by ſtars variouſly Nen us ns WR A; _ 


univerſe,” . 

In the ſame paper is given an account of foe Hebulous' — IANA ins 
deſcribed : © Nov. 13, 1790. A moſt- fingular phænomenon! A ſtar of the eighth magni- 
tude, with a faint luminous atmoſphere” of à circular form, and of about 3“, in diameter; 
The ſtar is perfectly in the center; and the atmoſphere is ſo diluted, faint and equal'throagh- 


out, that there can be no ſürmiſe of its confiſting of ſtars, nor can there be a doubt of the 


evident connection between the atmoſphere and the ſtar. Another ſtar not much leſs in 


brightneſs, and in the ſame feld of view with the above, was perfectly free from any uch 


appearance. Hence Dr. Herſchel draws the following conſtquences. Granting the con- 


nection between the ſtar and the ſurrounding nebuloſity, if it confiſt of ſtars very remote . 


which gives the nebulous appearance, the central ſtar, which is viſible, «muſt be immenſely 
greater than the reſt; or if the central ſtar be no bigger than common, how extremely 
{mall and compreſſed 1 be thoſe other luminous points which occaſion the "nebulolity ? 


As, by the former ſuppoſition, the luminous central point muſt- fir cexeved* the ſtandard of 
what we call a ſtar ; ſo in the latter, the ſhining matter about the center will be too ſmall 


to come under the ſame denomination; we, therefore, either have a central: body which is 
not a flar, or a ſtar which j is involved i in a ſhining” fluid, of a nature totally unknown to us. 
This laft opinion Dr. Herſchel adopts: Light reffeted from che für could not be {ven at 


this diffance. Beſidgs, the outward parts are nearly as bright as thoſe near the ſtar. Mqre- 


over, acluſter of ſtars will not completely account for the nulkynels, ar d ſoft xint of the 
licht of theſe nebulz; as a ſelf luminous Puig. 6 What A field of Ae fays Dr. Herſ- 
cel, © is here; opened 10, Our conceptions] A ſhj 


beach un from the. regions. of 4. tar, of the 8th, geh 1oth, 2 m3 
extent ſo conſiderable as to take up 3, 4, 5, or 6 minutes in diameter. 


13th, 32th magnitude, and of ap 


Hr copjettures 


that this ſhining fluid may be compoſed of the light perpetually emitted from millions of | 


ſtars. See Phil, Tranſ. Vol. Lxxx1. p. 1, on*Nebulous Stars properly ſo called. 


fluid, of"; A brightneſs ſufficient to 


. 
” k 
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Scuol. 3. Mp ſtars ebnen appear, While others diſappear. Several ſtars, men- 
tioned by antient aſtronomers are not now to be found: ſeveral are now viſible to the naked 


cye, which are not mentioned in the antient catalogues; and ſome ſtars have ſuddenly 


appeared, and again, e e e _— eee ee he 
a- erb ns e _v | 5 


— 3 7 
228 292392 


Te 1 Teas = and wal 1 e | The firtt x new i; + we 
"oil an accurate account of, is chat diſcovered by ConnzLvs GEMMA,, on Nov. 8, 1572, 


in the Chair of Gaſſpeia. It exceeded Sirius in brightneſs, and upiter in apparent mag - 


nitude. Txcno.  BrAHE obſerved i it, and found that i it had no ſenſible parallax, It. gradually 
decayed, and aſter 16 months, diſappeared. 


3 On Auge 13 1.596, n Fasnsicius * new „ ftar i in \ the Neck 4 the In dals, | 


oy e e again. in . 


In the year 1600, WILLIAM Jansznus diſcovered a Ong ls lar in the Fi: of the 
Swan. It was ſeen by KezLEs; who wrote a treatiſe upon it, and determined its place to 
be 267. 180. S, and 552. 300. or 32'. north latitude. . RiccioLvs ſaw it in 1616, 162, 

and 1624, and is certain that it was inviſible from 1640 to 1650. M. Cass ix ſaw it 
again in 16553 it increaſed till 2660; then decreaſed; and at the end of 1661, it diſap- 
peared. - In November, 1665, it appeared again, and diſappeared in 1681. In 1715 it 
appeared, as it does at preſent, of the 6th magnitude. 

In 1686, KinchER obſerved x in the Swan, to be a changeable ſtar; and from 20 years 
obſervations, the period. of the. retura of the ſame phaſes was found to. be 405 days; the 
variations of its magnitude are ſubject to ſome irregularity. 

In the year 1604, KErIrR diſcovered a new ſtar near the heel of Serpentarius, fo very 
brilliane that it exceeded every fixed ſtar, and even Jupiter, i in apparent magnitude. 

; MoxTaxazi diſcovered two ſtars in the Ship, marked g and y, by Bayer, to be wanting. 
He ſaw them in 1664, e hens 1668. He obſerved alſo that B, in fe, Head, 


- varied. in in magnitude... 


- Mr,/GoopRICKE has ng the Utes wt ge variation a of Algol, or G. in Mhodabe's 
Head (obſerved by MonTanAs1:to be variable) to be about 2 days 21 hours. Its greateſt 


ig is of the ſecand magnitude, and leaſt of the fourth. Phil. Tran. Vol. LAXI1L. 
Scho- 4. From an attentive examination of the ſtars with'good te TORO 


8. niahy o Hick 


- appear only fingle to the naked eye, are found to conſiſt of two, "three, or more ſtars. 


Dr. MaexzLxNE bad obſerved a Herculis, to be a double ſtar. Dr. Honxszvy found 
x Bootis to be double. Other aſtronomers had made fimilar diſcoveries.” But Dr. Hxxschzl, 


e, ee eee 700, e Wee 
ee F £561ies G ite 27% b KW Det % S en 07h alert bir 115 
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The following are a few of the moſt remarkable: e oil.vd; | 
& Herculis, FL AM. 64, a beautiful double ſtar; * * ee very unequal on 
«ed, and the ſmalleſt blue, inclining to green. | 

« Geminorum, FLAM. 66, double, a little unequal, both white; 3 with a power of #46 
their diſtance appears equal to the diameter of the ſmalleſt. *_ : | 

« Lyre, Flau. 4, and 5, a double-double ftar ; at firſt fight it e 
ſiderable diſtance, and by a little attention each will appear double; one ſet are equal, and 
both white ; the other unequal, the largeſt white, and the ſmalleſt inclined to ret. 

B Lyre, FLam. 10, e r unequal, white; but three of them a little mand | 
to red. 
X Orionis, Fl Ax. 30, FOR Rar or rather a Jouble Nhars and hes die! hate at ada 
diſtance ; the double ftar ä unequal. the largeſt white; le pale _— 
colour. 

4% Herculis, FLAM. 1. 86, double, ok unequal ; the ſmall ſtar is not M with 4 power 


of 278, Nr e I poll eee, s 


duſkiſn. 

a Tyræ, F LAM. 3, double, vows "onal, the largeſt” a fine brilliant eee tak 
duſky ; it appears with a power of 227. Dr. HERScRHEL mes the diameter of 6555 fine 
ſtar, and found it to be c“. 3583 1 . 

The examinatio ion of double ſtars with a 8 is a very _ 8 ade: — — of . 
proving its powers. Dr. HRschEL recommends the following method. The teleſcope, 
and the obſerver, having been ſome time in the open air, adjuſt the focus of the teleſcope 
to ſome ſingle ſtar of nearly the ſame magnitude, altitude, and colour of the ſtar, to be 
examined; attend to all the phænomena of the adjuſting ſtar as it paſſes. through the field 
of view; whether it be perfectly round, and well defined, or affected with kttle appendages | 

playing about the edge, or any other circumſtances of the like kind. Such 2 max 
be detected by turning the ozject-glaſs a little in its cell, when theſe appendages will turn 
the ſame way, Thus you may detect the imperfections of the inſtrument, and therefore 
will not be deceived when * come to examine ths double ffar. * Tranſ Vol. XXII. 
and LXXV, | . 1 15 


4 


School. 5. The number of a is — The catalogue ban 4 Banc | 
contains 1160; that by FLAMsTEED, which inclades many teleſcopic ſtars, contains 3000. 


But the moſt complete o ut in that . by en. Wee in 1 789. 


| PROP. CLXXX. The longitude of the fixed fars + increas while 


their latitude remains the ſame. : re big 5 


_ . = Becauſe the brad at point (by Prop. cl xxl. 0 moves . the Mo 
tee drag ftar and F that point, that is, its longitude, will increaſe. Bur fince this 
| | . Change 


* 
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Femme which is performed round the axis o 


, Un Alaihe of "bs Thelen the 
ecliptic, that is, in its latitude. 

Cox. ES ns che wt of chak m 
zodiac which are called by the ſame names. The firſt part of the conſtellation Aries, by 


the preceſſion of the equinoxes, has gone ſo far to the eaſt, ſince the names were 
firſt given to the ſigns, i. from the firſt degree of Aries in the line of the 


fer A i 9 þ 
| rr. Lvl. i The Annual 1 of 2 heavenly body, is the 


th of its apparent place, as it is viewed from the _ in its 
annual mot ion. 


* 


1 ADBC be the orbit of the earth, $ che fm and A, B, 3 
its orbit: e e ee ©” oy ene, as n from A and Ab 


its annual parallax. 

PROP. CIXXXI. The annual 1 PR bah body. is 
proportional to the angle which a diameter of the carth's orbit would 
ſubtend, if it was viewed from that body. 


If when the earth is at A, the fixed ſtar E appears at or near the a when the 


6 earth has paſſed to the oppoſite point B, a different ſtar F appears at or near the ſame 


pole, the ſtar E will have changed its place in reſpect of the pole; for when the pole is 
at F, the ſtar E which was at or near it before, is at the diſtance EF from it: the 


apparent length of this diſtance EF (by Def. LXVIE.) is the ſtar's annual parallax. 
Now if AB, the diameter of the earth's orbit, was to be viewed from the ſtar E, it 
would ſubtend the angle AEB; but, becauſe the axis of the earth is always parallel to itſelf, 
AE and BF, which coincide with the axis, are likewiſe parallel; whence (El. I. 29.) the. 


| angle EBF, fubtended by EF, n. and AEB is the paral- 


Qic angle. 


| Cor. The annual 3 r eee inverſely = as its diſtance from thie- 
earth: for the angle AEB 1 Prop. e Amboy ne n 


1141126 eee ee een 


o 


5 times the baſe, the angles at the ſtations will not ſenſibly differ from 


Fes 


__ - 
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right angles ; conſequently the lines auen from n object. to pan 
ſtations, are, phyſically ſpeaking, parallel. 
Suppoſe one of the angles to be 900. Then, ſince che n hellomnnncs der 


menſuration of angles cannot be depended upon to leſs than 2". edu 14 Patty —_— 
radius as I to 103. 132. See Hutton's Logarithms, - —_ 
The angle, the tangent of which is to radius as 1 to 100,000, is 2/06, or very „ little 


more than two ſeconds.— It has been ſeen that Dr. Herſchel e ere ON 


for the accuracy of —— e much leſs e 2, 


3 


PROP. B. The a of as | abies, "hs, difance of 3 1 is 


3 100, ooo times greater than that! between the two ſtations of ob- 


ſervation, is inſenfibleG. 


If the object be at a greater diftance from either 8 100,000 times the baſe, the | 


i angle at one of the ſtations being 90, the angle at the other will be more than 89* 59 579, 
RI WO OT . ann; d de (22876097194 
| ani by obſervation. $0466 ſx; 


Con. 1. If the parallax of an object (obſerved. with an inftrument {al ag to 


meaſure an angle of 2”.) be inſenſible, the diſtance of it from either tation cannot be leſs 


Mata bexgerr n ner from the extremities of which it is obſerved. 


School. It is to be remarked, that, though the diſtance of the ej anne be 1 thn 
200,000 times the baſe, yet it may be greater in any aſſignable ratio. 1 


Cor. 2. Lines drawn from any given points in a baſe, to an object, Wfa 


in practice, parallel, without any ſenſible error, if the diſtance enn 
100,000 times the baſe. | 


Gen, , Rays, Meret diverging from coy e in the ſun's diſc upon the furkice of 


the earth, may be eſteemed parallel, if their diſtance from each other do not exceed about 
970 09 WON OY becauſe 970 is to men F 5 


ee 1 nnn, 


- PROP. CLXXXI. The dd ſtars . no » ade LIE 0 1 


? 


When the place of the ſtar E is obſerved by the belt inſtruments from oppoſite points of Plate rx. 
; the earth's orbit, its apparent place in the heavens remains the ſame, which could aot be the an | 


caſe if the angle of its parallax were ſo much as two ſeconds. 
Con. 1. / RN 


—— 


orbit bears no proportion to their diſtance, or (by Prop. CLXXXI.) nnen | 


ene enn eee ee, pond 24 tot 


YR a „. 
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Con. 2. The diſtance of the ftars muſt be greater than 100,000 times the baſe, from 


the extremities of which it is obſerved; that is, greater than 100,000. times the diameter of. 
the orbit of the earth, or greater than 100,000 x 194000,000. | 


Con. 3. Two planes drawn parallel to each other, and paſſing a the extremities 
of a diameter of the orbit of the earth, if produced, will appear to coincide with the fame 


great circle of the heavens; becauſe the diameter of the earth's orbit, when ſeen from the 


fixed ſtars, ſubtends an angle leſs than 2”. In the ſame manner, if a plane, paſſing through 


the earth's center, be parallel to a plane drawn to the ſurface, theſe planes, when produced, 


apparently coincide with the ſame great circle in the heavens. 


Cor. 4. The parallax of a fixed ſtar, being not more than 2 the fun when viewed 


from that ſtar, would appear under an angle leſs than 3 = „ Or leſs than =, and therefore 
5 


u ebene, bee e ee | : 


SCHOL. Since bodies equal in magnitude and ſplendour 3 e eee 
diſtance of the fixed ftars, would appear to us as the fixed ſtars no do, it may be ſuppoſed 


probable, that the fixed ſtars are bodies ſimilar to the ſun, which is the center of the ſolar 


ſyſtem. This being the caſe, the reaſon will appear, why a fixed ſtar, when viewed 
through a teleſcope magnifying 200 times, appears no other than a point. For the apparent 
diameter of the ſtar being leſs than 239 part of a ſecond when magnified 200 times, will 
pee an angle leſs than 2”. at the eye of the ſpectator, obſerving it in the teleſcope. 
The parallax of the fixed ſtar, when viewed from the oppoſite parts of the'earth's orbit, 
is here aſſumed 2”. but it is probable that the parallax of the neareſt ſtar is much leſs, and 


e e e eee a as the ae leſs. 


PROP. CLXXXIIL Fhe motion of the earth, ad the Signs 
motion of light, will make a fixed ſtar, which has no ſenſible parallax, 
deviate from its true place in the direction in which the earth moves. N 5 


Nee the enich of any place when the earth is at A, it will (by laſt 
Prop.) paſs through the zenith of the ſame place when the earth is at B, the oppoſite: 
extremity of the earth's orbit. Conſequently, ſuch a ſtar might be ſeen through a vertical 

teleſcope in the fame perpendicular at any point of the earth's orbit, if the motion of light 


from the ſtar were inſtantaneous. But the progreſſive motion of light will cauſe the ſtar 


to deviate from the perpendicular ; for, let the earth be moving from B to A, and let the 


velocity of light be to the velocity of the earth, as CA to BA, and let CB be the diagonal 


of the parallelogram formed from CA, BA. Then the direCtion of a teleſcope, in order to- 
ſee the ſtar 8 When the earth is arrived at A, muſt be AH, parallel to BC. For, ſuppoſe BC to 
be a very long ſlender teleſcope, through which only one ray of light could paſs at a time, or 
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to be the axis of a larger teleſcope. The ſtar S cannot be ſeen through this teleſcope, but 
through a teleſcope perpendicular to B. if the earth be ſtationary at B, and the Progreſs of 
light inſtantaneous. But if the teleſcope in the poſition BC were to continue in this 
poſition, and to move along with the earth to A, fo as to come into the ſituation AH, When 
the earth arrives at A, the ſtar 8 might then be ſeen through it; For, ſince the straight 
courſe of the ray is the line CA, in which it muſt always be if it comes to the eye without 
interruption; and ſince the ray cannot come directly along CB the axis of the ne. | 
and arrive. at the eye in this axis, unleſs it is always in the axis; that is, ſince the ray, in 
order to come to the eye muſt be always in the line CA, and alſo in the line CB, it muſt = 
always in the common. interſection of theſe two lines. Now C is the common interſection 
when the earth ĩs at B; e is the common interſection when the earth is at E; , hen it is 
at F; g, when it is at G; and A, when at A; the teleſvope, at each ſtation, being ſucceſ- 
ſively in the fituations CB, EE, FF, GG, HA. Thus the common interſectiom daſcends 
down the line CA, while the earth moves from B. to Az and, ſince the velocity of light - 
: is to that of the earth, as CA to BA, a ray of light will-likewiſe have deſcended down CA, 
while-the earth was moving from B to A. Therefore, in the hole motion of che teleſcope, 
the ray will have been in the common interſection of ther line CA and the axis of the teleſcope, 
and conſequently will have paſſed along the axis ng e ene 
| ee a; to the eye at A. y N 4 39. 
Thus it appears, that by.the:progreflive: als i ct ta 8, 
enters, at C, a teleſcope in the ſituation CB,. will arrive at the eye, When the teleſcope, 
carried along BA with ia velocity which is to that of the ray of lighty-as BA to CA, is 
come into the ſituation HA; and conſequently (Book: IV. Prop. II) che eye will! ſee - 
the ſtar through the teleſcope in the direction A the axis of the teleſcope; that is, 
Tome point in the line AH produeed will be the apparent place of. the ſtar. Thus the ſtars 
apparent place has deviated: ſrom its true place 8 in the direction BA, in which the earth 
was moving, ſo that if the motion of the earth is from north to ſouth, the ſtar vhich ap- 
in the zemth of the place when the earth was at B, will appear to the ſouth ward of 
the zenith when che ein 1 en at enn, enen when nnr a 
Touth to north. Non zin a eee t tit izt gti 
According to Bradley's obſervations bud n . Ae the conſtellation Drayen; Abt - 
deviated ſouthward from the zenith from December till March, when it had departed from the 
zenith 20”; From that time till June its ſouthern deviation decreaſed; after which-it-deviated - 
northward, and in September appeared about 20% towards the/north of its "Ration in June, 
from which time till December, it continued returning to its firſt ſituatiem Thus the 
deviation of the ſtar was Aways im the direckiorr of the earth's motion, and contrary to that 
of any deviation which might be ſuppoſed to ariſe: from the annual. parallax of the ſtar. 


ut ſuch a deviation could not happen unleſs the earth movedz and'the-motion-06 light was 

progreflive; for if the eurtin did not move; frnee the ſtar is fixed, no alteratiom could be made > 
anche 9 the ſtar by the en ͤ 5 
bas , te | 5 a 


— 


* 
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and if the earth moves, and the propagation of light were inſtantaneous, the earth's 
velocity would be nothing in reſpect of the velocity of light, or BA with reſpe& to 
CA would be nothing; whence the angle ACB, and its alternate angle CAH, would 
vaniſh, and AH would become coincident with AC, and conſequently, the ſtar would 
have no deviation from its true place. Hence we may. conclude from the deviation of 
INE Hoy Feng, both hare earth 1 eee 
greſſi ve. 

Cor. ln cat th dend of right i deb as caries 
it through a ſpace equal to the ſun's diſtance from the earth in 8', 13“. | a 


ScuoL. Si Is AAc NEWTON has ſhewn that the ſun, by its attradtiye power, retains 
he planets belonging to our ſyſtem in their orbits; he has likewiſe pointed out the method 
whereby the quantity of matter contained in the ſun may be accurately determined. Dr. 
BRADLEY has affigned the velocity of the ſolar light with a degree of preciſion exceeding 
our-utmolt expeRation.  GaL1LEo and others have aſcertained the rotation of the ſun upon 
its axis, and determined the poſition of its equator. - By means of the tranſit of Venus over 
the diſc of the ſun, our mathematicians have calculated its diſtance from the earth ;—its real 
r e 
of the fall of heavy bodies on its ſurface. 

In the year 1779, there was a ſpot on the fun which was e be form dy the. 


naked eye; it was divided into two parts, and muſt have been $0,000 miles in diameter: 


this phænomenon may be accounted for, from ſome natural change of an atmoſphere. For 
if ſome of the fluids which enter into its compoſition be of a ſhining brilliancy, whilſt others 
are merely tranſparent, then any temporary cauſe, which ſhould remove the lucid fluid will 
permit us to ſee the body of the ſun through the tranſparent ones. If an obſerver were 
placed on the moon, he could ſee the ſolid body of the earth only in thoſe. places where 
the tranſparent fluids of our atmoſphere would permit him. In others, the opaque 
apours would refleft the light of the ſun without permitting his view to penetrate 
the furface of our globe. He would probably. find that our planet had occaſionally ſome 

ſhining fluids in its atmoſphere, ſuch as the northern lights. And there is good reaſon to 
believe, that all the planets emit light in ſome degree; for the illumination which remains 
on the moon in a total eclipſe cannot be entirely aſcribed to the light which may reach it by 
the refraction of the earth's atmoſphere. For, in ſome caſes, as in the eclipſe of 1790, the 
nf For HERE e e e d Er thouſand miles 


rene are, appearances allo, which denote a phoſphoric quality in the atmoſphere of 
. Ps if) 

Divi: Merkel: eee the the es in the, fan, are. mountains on its, furkoe, Which, 
conkdering the great aration exerced. by the fun upon bodies placed at its ſurface, and the 


nn . an may be Hm . 


Cows 
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fand very firmly. lie at, that in Auguſt, 1792, ke tee die hight ** 
from 90 to 500. And it evidently appeared, that the black ſpots are the opaque ground or 
body of the ſun; ane an menen eee, nenen, 
mn gives us a glimpſe of the ſun itſelf. 

Hence he concludes, We un ee u de ee, EA 
elaſtic fluids that are more or leſs lucid and tranſparent; and of which, the lucid ones 
furniſh us with light. This atmoſphere, he thinks, is not leſs than 1843, nor more than 
2765 miles in height; and he ſuppoſes that the denſity of the luminous ſolar clouds need nos 
e anne nn; ROWE AE AR wo Ow Og 
which we are acquainted. 

The ſun, r e e be p ee Knjaroa NIN evidently the fd 
and only primary one belonging to our ſyſtem.” Its ſimilarity to the other globes of the 
folar ſyſtem, with regard to its ſolidity; its atmoſphere ;—its ſurface: diverſified with 
mountains and vallies ;—its rotation on its axis;—and the fall of heavy bodies on its ſurface ;— — 
den en eee 
whoſe organs are adapted to the peculiar circumſtances: of that vaſt globe. 

If it be objected, that from the els eee wiaadins 
may infer, that every thing muſt be. ſcorched up at its ſurface. © We reply, that there are 
many facts in natural philoſophy which ſhew that heat is produced by the ſun's rays only 
when they act on a calorifie medium: they are the cauſe of the production of heat by uniting, 
with the matter of fire which is contained in the ſubſtances that are heated ; as. the colliſion 
of the flint-and rn EI RT 
whith in Togtaing, into ten 3 

On the bobs of mountains 6f Sullicient height, anche n where „ 
reach to. ſhelter them from the direct rays of the ſun, we always find regions of ice and 
ſnow. Now if the.ſolar rays themſelves conveyed all the beat we find, on chis globe, it. 
ought to be hotteſt where their courſe is the leaſt | interrupted. - Again; our acronauts all. 
confirm the coldneſs of the upper regions of the atmoſphere; and ſince, therefore, en 
en our earth, the heat of the ſituation depends upon the. readineſs of the medium to - 
yield to the impreſſion of the ſolar rays, we have only to admit, that on the ſun itſelf, 
the elaſtic fluids compoſing its atmoſphere, and the matter on its ſurface, are of ſuch a. 
nature as not to be capable of any extenſive. affection of its own rays; and this ſeems to bo 
proved by the copious emiſſion of them. for if the elaſtie ſluids of the atmoſphere, or of the 
matter contained on the ſurface of the ſun, were of ſuch a. nature as to admit of an eaſy. 
chemical combination with its rays, their emiſſion would be very much impeded... Another 
well known fact is, that. the ſolar focus of the largeſt lens thrown into the. air, will occafion-- 
no ſenſible heat in the place where it has been kept for a conſiderable. time, although its. 
power of exciting combuſtion, ane een menen TR 
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+ Te is by-andlogical reaſoning chat we conſider the moon as inhabited. For it is a ſecondary 


planet of conſiderable fize, its ſurface is diverſified, like that of the, earth, with bills and 
vallies. Its ſituation with reſpect to the ſun, is much like that of the earth; and by a rot 
tation on its axis, it enjoys an agreeable variety of ſeaſons, and of day and night. To the 


_ + moon, our globe would appear a capital ſatellite, undergoing the ſame changes of illumination 


as the moon does to the earth. The ſun, planets, and the ſtarry conſtellations of the heavens, 
will riſe and ſet there as they do here : and heavy bodies will fall on the moon as they do on the 
earth. There ſeems, then, ere en him the anajogy, that e 


be inhabited like the ear tn. 1035s 10 to 


It may be objected, that, in the mon Sins are no large F das (the 
exiſtence of which is doubted by many) is extremely rare, and - unkt. for the purpoſes of 
animal life; - that its climates, its ſeaſons, and the length of its days and nights, totally differ 


en eee e eee Sooke alquila; which; Qu poten hay Gat Shams ee 


perhaps no rivers and lakes. | 

e thee Se tiny once bo mu Revere 
ſtrengthens the argument. We find even on our own globe, that there is a moſt ſtriking 
diſſimilarity in the ſituation of the creatures that live upon it. While man walks on the 
ground, the birds fly in the air, and the fiſhes ſwim in the water. We cannot ſurely. object 
to the conveniences afforded by the moon, if thoſe that are to inhabit. its regions are fitted 
to their conditions as well as we on this globe of ours. e e 
eſtabliſhes a high probability that the moon is inhabited. —_ 

ds id eee 


- xeaſonings as might induce him to ſurmiſe that our earth is inhabited, were to give it as his 


-opinion, that the uſe of that great body, which he ſees in his neighbourheod, is to carry 
about his little globe, in order that it may be properly expoſed to the light of the ſun, ſo as to 
enjoy an agreeable and uſeful variety of illumination, as well as to give it light by reflection, 
when direct light cannot be had. Should we not condemn his ignorance and wait of re- 
flection? The earth, it is true, performs thoſe offices which have been named, . for the 
inhabitants of the moon, but we know that it alſo Wee N b e 
numberleſs intelligent beings. = 

From experience, reel 
to inferior planets, is not inconſiſtent with the dignity of ſuperior purpoſes ; and in conſe- 
quence of ſuch. analogical reaſonings, aſſiſted by teleſcopic views, which plainly favour the 
lame opinion, we do not hefitate to admit that the fun is richly ſtored with inhabitants. 


This way of conſidering the ſun, is of the utmoſt importance in its conſequences, That | 
ftars are ſuns can hardly admit of a doubt. Their immenſe diſtance would effectually 


_ exclude them from our view, if their light were not of the ſolar kind, Beſides, the analogy 


may be traced much farther : the ſun turns on its axis; ſo does the ſtar Algol; fo do the 
pn wes n Antinoi, o Ceti, ee — 


„ 
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from what other cauſe can we, with ſo much 3 account for their n 
changes? Again; our ſun's ſpots are changeable - ſo are the ſpots on the ſtar o Ceti. But 


if ſtars are ſuns, and ſuns are N we ſee at once What an ertenſive field for ani- 


mation opens to our view. 

It is true, that analogy may induce us to anc that ſince ſtars appear to be Sis. and 
ſuns, according to the common opinion, are bodies that ſerve to enlighten, warm, and ſuſtain 
a ſyſtem of planets, we may have an idea of numberleſs globes that ſerve for the habitation 


of living creatures. But if theſe ſuns themſelves are primary planets, we ning ſce ſome | 


thouſands of them with the naked eyes, and millions with the help of teleſcopes ! ; and, at the fame 
time, the ſame analogical reaſoning _ remains in full 1 with gue” to the planets 
which theſe ſuns may ſupport. _ 

Moreover, from the obſervations of Dr. Herſchel, on the compreſſed cluſters of 3 it 
appears, that in many inſtances there cannot be ſpace for the revolutions of a ſyſtem of 
planets and comets, and therefore it is highly probable that theſe ſuns are capital primary 


planets, which exiſt ſor themſelves, and are connected together in one great ſyſtem for 
mutual ſupport.— See a very curious and valuable paper on the nature and conſtruction of the 


ſun and fixed ſtars, by Dr. Herſchel; read to the Royal Society, Dec. 18, 1794. From 


this paper, the foregoing ſcholium has been taken. See alſo Dr. Herſchel's paper on the 
periodical ſtar, 4 Herculis; with remarks, tending to eſtabliſh the gran tar prone the 
ſtars on their axes. Phil. Tranſ. 1796. EET Es ' 1 
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OF. MAGNE 11S M. 


Dr. I. The earth contains a mineral ſubſtance which attracts iron, 
ſteel, and all ferruginous ſubſtances; this is called a natural magnet. 


Dr. II. The fame ſubſtance has the power to communicate its pro- 
perties to all ferruginous bodies: thoſe bodies, after having acquired the 


magnetical properties, are called artificial magnets. 
Theſe magnets are alſo made without the aſſiſtance of the natural 
magnet, as will hereafter be ſnewn. 8 ; 


SCHOL. The property of attraction in the magnet was that by which it was firſt Haines! 
Every ſubſtance that contains iron, is more or leſs attracted by the magnet; and fo univerſally 
is this truly important metal diſſeminated, that there. are very few fubſtances which are not 


in ſome degree capable of being attracted by the magnet. In this way iron is found to enter 
into the compoſition of animals, vegetables, minerals, and even into that of the atmoſphere, 


ON WE WOES ſee Cavallo on Magnetiſm, Chap. v1. Fett. 


Der. III. Thoſe points in a magnet which ſeem to poſſcl the greateſt 
power, are called the poles of the magnet. 
Dee. IV. The magnetical meridian, is a vertical circle in the heavens, 


which interſects the horizon in the points to which the magnetical 


needle, when at reſt, is directed. 
Dex. V. The axis of a magnet, is a right line which paſſes from one 
pole to the other. | 


Dex. VI. The equator of a magnet, is a line ee to the 
axis, and exactly between the two poles. | | 


Scuol. The diſtinguiſhing and charaReriſtic properties of a magnet, are, (1.) Its 
attractive and repulſive powers. (2.) The force by which it places itſelf, when freely 
ſuſpended, in a certain direction towards the poles of the earth. (3) Its dip, or inclination 

| towards 


Ry 
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- 


towards a point below the horizon. (4.) rammen. 


the foregoing powers to iron and ſteel. 


Dzs. VII. The direction of the « dpping CORY in zany y pace, is ralled 


the magnetical lime, | 


- 


PROP. I. That . if 985 My is called ks . 5 5 
magnet, has the property of attracting iron; but no other TO. what- 


ever, unleſs it has a mixture of iron. a | | 


EXP. 1. The action of the magnet on iron, may be ſhewn on needles, fel filings, le. 


2. Let a needle be ſuſpended from a loadſtone, and a ſtring paſſing through its eye be 


faſtened to the beam of a balance pet under it; the degree of 1325 with which it is 
: attracted, may be meaſured. 5 4 ' 


SCHOL. Some philoſophers have Juppaſed that iron is not the bah ſubſtance attracted by - 


the magnet, _ Mr. Kirwan fays, that nickel, when purified from iron, becomes more, inſtead 
of leſs, magnetic, and acquires the properties of a magnet. Mr. Cavallo inftituted a number 


of experiments, with a view of aſcertaining whether any other bodies than ferruginous ones, ; 


were ! by the magnet. Aker all, he des not decile poltively;on the buſineſs. 


|; PROP. II. The action, and reaction of the magnetic power, ar 


mutual and equal. i : r 8 


* pieceof i iron, or as n 4 e e 
of one of the poles of a magnet, is attracted by it, ſo as to adhere to the magnet, and not to 
ſuffer itſelf to be ſeparated without an evident effort. This attraction is alſo mutual, ſor 
the iron attracts the magnet, as much as the magnet attracts the iron; ſince if they be 
placed on pieces of wood or cork, ſo as to float upon the ſurface -of water, it will be found 
that the iron advances towards the magnet, as well as the magnet advances N the. 
iron; or, if the iron be kept ſteady, the magnet will move towards it. | ES eee 


Schott. The ſtrength of magnetic attraction varies according to different circumſtances $ 


- ſuch as, he Wege of the magnet the weight and ſhape of the body preſented to it ;— 
the magnetic, or unmagnetic ſtate of that body ; the diſtance between it and the magnet, &c. 
The attraction is ſtrongeſt near the ſurface of the magnet, and eee as it nen, 


from it; the law of this diminution has not yet been aſcertained- AM, 223 . 


The four following experiments, accurately made by profeſſor . will ex- 
hibit ſome of the irregularities, reſpecting magnetic attraction. In theſe experiments, the 
ene was e to one ſcale of an accurate balance, and under i it there was 3 
2Z 2 2 | Placed 


1x3 12 4 
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placed on a table at different diſtances, another magnet, or piece of iron, and at each diſ- 
tance, the degree of attraction between the iron and the magnet was aſcertained by weights 


BOOK VI. 


put into the other ſcale. The reſults were as follow : 

Exe. 1. Inthisex- | Exp. 11. Aſpherical Erb. IIT. Infteadof | Exp. 1v. A globe 
periment a cylindrical | magnet, of the fame | the cylindrical mag-| of iron of the ſame 
magnet, weighing 16 | diameter as the laſt, | net, the cylinder of | diameter as the mag- 
drams, was ſuſpended | but of greater ſtrength, iron was placed on] net, was now placed 
to the ſcale; and on was affixed to the ſcale, | the table, and under on the table. : 
the table a piece of | and the cylindrical | the globular magnet. 

| iron of the fame ſhape | magnetuſedinthepre- | | ; 3 
and weight. ceding experiment, 
. was placed on the ta- 
ble. 

Dift. in Attract. Diſt. in Attrat. | Dift. in Attract. Diſt. in Attract. 
inches in grains. | inches. in grains. inches. in grains. | inches. in grains. 
6 — 316 — J 8 — I 
5 m—_ 2 C 3 m_ VV 

F 4 = 3 41 =, 15 6 — * 

3 CC V 3 
eee, . r e 64 CCC 
1 — 1 ; 1 — 100 1 — 92 | 3 — 16 
0 — „ 9⁰»— 2600 WO — 340 2 — 8 

| | | | : oh — 64. - 
Z N | 8 200 14 


Cor. It appears "Wy the ſecond and third experiments, that, when in contact, ang 
net attracts another magnet with leſs force than it does a piece of iron. This has been 


confirmed by many other experiments. But the attraction between the two magnets begins 


from a greater diſtance than between the en and iron; hence it muſt follow a different 
law of decrement. | | | | | 


PROP. III. The attract ion and 3 of magnetiſm is not ſen- 
ſibly affected by the . of bodies of any fort except thoſe 
which are ferruginous. . | * 


Exe. 1. Suppoſe a magnet placed at an inch diſtance from a piece of iron requires an 
ounce of force to remove it, or, which is the ſame thing, ſuppoſe that the attraction towards 
each other is equal to one ounce ; it will be found that the ſame degree of attraction remains 
conftantly unaltered, though a plate of other metal, glaſs, paper, &c. be interpoſed between 
e e RG ea e 


matter. 


Move ſteel fling laced nba plas, in water, ee. by balding a magnet we 


e veſſel | 
. | 1 8 1 dente 


BOOK vt. OF MAGNETISM. | 
3. Sprinkle ſteel duſt on a ſheet of paper, under which is placed à magnet, or two , 

magnets, having their poles oppoſite to each other, and at the diſtance of about an inch. 

4. A needle under an exhauſted receiver, will be attradted at the fame diſtance a as in the 


open air. 


Sensi 7. Heat weakens the power of a magnet; and a who hone dee it —_—_ 
Hence it appears, from this cauſe Py beſides others which my _— the power of a 


magnet muſt be continually varying. 


SCHOL. 2. The attractive power of a magnet may be increaſed conſiderably by 55 
adding more weight to it; for it is found that a magnet will keep ſuſpended on one day a 
little more weight than it did the preceding; which, additional weight being added to it on 
the following day, it will be found that the n _—_ HOON a "ow fil , 
and ſo on, as far as to a certain limit. | 

On the contrary, by putting a, youy' ſmall weight of i iron to . the 2 wy gradually 
loſe much of its ſtrength. | 


Scholl. 3. Among natural 3 the ſmalleſt 8 palicls 8 2 Peter n | 
poiner; in proportion to their ſize, than thoſe which are larger. There have been natural 
magnets, not exceeding 20 or 30 grains, which would lift a piece of iron that weighed 40 
or 50 times more than themſelves. A ſmall magnet, worn by Sir I. Newton in a ring, 
weighing but about 3 grains, is faid to have taken up 746 grains, or nearly 250 times its 
own weight. And Mr. Cavallo has ſeen one of 6 or 7 grains weight, which was capable of 
lifting a weight of 300 grains. But magnets ene Wi berger 
ee eee 8 


' PROP. IV. The magnetic power may 1 eohtitihih ee Bit Ys 
| loadſtone; and from one piece of iron to another, which then becomes 
an artifieial magnet; and this communication of e is ice . 
parent loſs of power in the loadſtone. 


Exr. | og Take a bar of ſoft iron, about three feet long and one inch thick (ſom kitchen 
pokers will anſwer. for this experiment) and place it upright, or rather in the magnetical 8 
line. Then preſent a magnetic needle to the various parts of the bar from top to bottom, 
and the lower half of the bar will be poſſeſſed of the north polarity, capable of 41 
the north, and of attracting the ſouth pole of the needle, and the upper half is poſleſſed of 
the ſouth polarity. The attraction is ſtrongeſt at the very extremities of the yy * dimi- 
niſhes as it recedes from them, and vaniſhes about its middle point. 

I the bar is turned upſide down, the ſauth pole wilt become. north, and — 
become the ſouth pole. In the ſouthern m_ of the. globe, the lower part is ;. ſouth pple; or 


more 
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more generally, the extremities of the bar will acquire the polarities correſponding to the 
neareſt poles of the earth. 

If an iron bar be left a long time in the direction of the mc line, or even in a perpen- 
dicular poſture, it will ſometimes acquire a great magnetic power. Tongs, pokers, &c. by 
being often heated, and ſet to cool again in an erect poſture, frequently acquire a conſiderable. 
magnetic virtue. Magnetiſm; is often communicated to iron and fteel by repeated blows of 
the hammer; by ſome experiments of Mr. Cavallo, it appears that this effect is often pro- 
duced on braſs, hence it is neceſſary e to Examint the braſs before it is uſed in the 


conſtruction of theodilites, &c. 


2. Place two magnets A and Dia x right Zoe, Guan heath cad af the-one is oppoſed 
to the ſouth end of the other, and at ſuch a diſtance that the bar to be touched may reſt upon them. 
Take now two other bars, D and E, and apply the north end of D*, and the ſouth end of 
E to the middle of the untouched bar C, elevating their other ends ſo as to make pep 


angle with the faid bar. 


Separate the bars D and E, drawing them different Trays along the ſurface of C, but pre- 
ſerving the ſame elevation : then removing the bars D and E to the diſtance of a foot or 
more from the bar C, and bringing the north and ſouth ends into contact, and then apply 
them again to the middle of C. This proceſs being repeated ſeveral times to each ſurface 
of the bar C, it will be found to have acquired a ſtrong and permanent magnetiſm. £4, 


ScnoL. 1. The magnetic virtue may be readily communicated by the horſe-ſhoe magnet, 
much i in the fame way as in the preceding experiment. 


Scnhok. 2. A ſmall compaſs needle may be touched by "FLA put Werten the tits 


| poles of two magnetic bars: whilſt it is receiving the magnetiſm, it will be violently 


agitated, moving backwards and forwards as if it were animated ; and when it has received 
as much magnetiſm as it can acquire in this way, it becomes quieſcent. 0 

Another method of communicating magnetiſm to a compaſs needle, is by 1 means 25 he 
combined borſe-ſhoe magnet, from the center of which draw that half of the needle which 


is to have the contrary pole; from a conſiderable diſtance draw the needle over it again. 


This repeated twenty times or more, and ann, for the other half, will en com- 
municate the power. 

*- „„ EIA LOG fix fb ſteel, 221 fix 7 hard, the former to be each Hier 
inches long, I of an inch broad, and . 25 of an inch thick; with two Pieces of iron, each 
half the length of one of the bars, but © of the ſame breadth and thickneſs. The 6 hard bars 


to be each 51 inches long, I an inch broad, and z of an inch thick, with two pieces of 
iron of half the length but of the fame breadth and thickneſs of one of the hard bars; and 


let all the bars be marked with a line quite round them at one end: then take an iron poker 


„. acroks 7 night 6 el the north 


12 4 - 0 4 Ex "of {3 * 4 4] 
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and tongs, or two bars of i iron, the larger they are, at threes is AG 
better; and fixing the poker upright, or rather in the magnetical line, between the knees 
hold to it, near the top, one of the ſoft bars, having its marked end downwards, by a piece 
of ſewing ſilk, which muſt be pulled tight by the left hand that the bar may not ſlide: then 
graſping the tongs with the right hand, a little below the middle, and holding them nearly 
in a vertical poſition, let the bar be ſtroked by the lower end from the bottom to the top 
about 10 times on each fide, which will give it a magnetic power ſufficient to lift a ſmall 
key at the marked end: which end, if the bar were ſuſpended on a point, would turn to- 
wards the north, and is therefore called the north pole ; and the unmarked end, for the fame 


reaſon, is called the ſouth pole. Four of the ſoft bars being impregnated after this manner, Plate 12 


lay the other two parallel to each other, at a quarter of an inch diſtance, between the two 
pieces of iron belonging to them, a north and a ſouth pole againſt each piece of iron; then 
take two of the four bars already made magnetical, and place them together ſo as to make 


a double bar in thickneſs, the north pole of one even with the ſouth pole of the other 3 and Plate 23. 
the remaining two being put to theſe, one on each fide, ſo as to have two north, 4 two Fig. 3. 


fouth poles together, ſeparate the north from the ſouth poles at one end by the interpoſition 
of ſome hard ſubſtance I, and place them perpendicularly with that end downward on the 


middle of one of the parallel bars AC, the two north- poles. townnls ins ut cady) adult - - 


two ſouth poles towards its north end. Slide them three or four times backward and for- 
ward the whole length of the bar; then removing them from the middle of this bar, place 
them on the middle of the other bar BD as before directed, and go over that in the fame 
manner; then turn both the bars the other ſide upwards, and repeat the former operation: 

this being done, take the two from between the pieces of iron; and, placing the two outer- 
moſt of the touching bars in their ſtead, let the other two be the outermoſt of the four to touch 


theſe with ; and this proceſs being repeated till each pair of bars have been touched three _ x 


four times over, which will give them a conſiderable magnetic power. 

When the ſmall bars have been thus rendered magnetic, in order to communicate ik 
W 0 to the large bars, lay two of them on the table, between their iron condudtors, | 
as befol e: then form a compound magnet with the ſix ſmalt bars, placing three of them 
with the north poles downwards, and the three others with the ſouth poles downwards. 
Place theſe two parcels at an angle, as was done with four of them, the north extremity 
of the one parcel being put contiguous to the ſouth extremity of the other, and, with 
this compound magnet, ſtroke four of the large bars, one after another abbut- ae times ! 
on each fide, by which means they will acquite ſome magnetic power. 15 10 

Wben the four large bars have been ſo far rendered magnetic, the ſmall 3 are b akde, 
and the large ones are ce by e in the manner as Was * with the lo 
bars. „ 3 

To expedite A Le, the Wot to be 1 in a 4 groove, or e braſs pins, 
otherwiſe. the attraction and friction between the bars will be n enen | 
when placed Vannes n N en 1% Men dien HS , ß RV 15 oil 2 
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This whole proceſs may be gone through in about 3 an hour, and each of the large bars, 
if well hardened, will lift about 28 ounces Troy, and they are fitted for all the purpoſes of 
magnetiſm, in navigation and experimental philoſophy. The half dozen being put into a 
caſe in ſuch a manner as that no two poles of the ame name may be together, and their 
irons with them as -one bar, they will retaifi the virtue they have received: but if their 
power ſhould, by making experiments, be ever ſo much ir. it may be reſtored without 
any foreign aſſiſtance in a few minutes. ; 

This method of communicating magnet was ſent tothe Ropal Society ry Canton, 


en 1751 552715 


PROP. v. Two en Brig a FI motion, n attract > when 
different poles are directed towards each other, and repel When the 
adjacent poles are of the lame name. | 


—Exe. A needle turning an its center will be attracted or repelle] by N as different, 


| or the ſame poles are brought near to each other. 


ScnoL. 1. If the magnetic powers are very unequal, or the two bodies ar forcibly | 
brought together, they will attract with the ſame poles. 
Exr. 1. Suſpend a magnet by a thread, and let a ſmall needle be brought near it at the 
W 
Bring ew very ewe nels into coma xt the ame poles pended inthe ce 


—— << dons / . 


ScHoL. 2. The following experiments will bew the attraRtion of the 3 on ferru- | 
ginous bodies which are not magnetic. 

Properly ſpeaking, however, the magnet bas no action upon unmagnetic . for any | 
ferruginous body becomes . on being preſented to the magnet, and then is attracted 


— OF y 
Exr. 1. Plice'n magnetic 3 whim tuck on a 3 od when it ſtands andy, 
place an iron bar 8 inches long, and 4 an inch thick upon the table, ſo that one end of it 
may be on one fide of the north pole of the needle, and near enough to draw it a little out 


ol its natural direction. In this ſituation approach gradually the north pole of a magnet to 
the other extremity of the bar, and you will ſee that the needle's north end will recede 


from the bar, in proportion as the magnet is brought nearer to the bar. 
The reaſon of this Phenomenon is, that, by the approach of the north pole of the magnet, 

in- the firſt caſe, the extremity of the iron bar next to it, acquires a ſouth polarity, and 

conſequently, the oppoſite extremity acquires a north polarity, by which the needle is re- 


pelled : but in the ſecond caſe, when the north pole of the magnet is brought near the bar, 
b 9 | the 


* 
- 
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the end of the bar next to it acquires a ſouth polarity, and the oppoſe end as. the 
north polarity, cauſes the north end of the needle to recede. | 


«a T5 tans pieres.af loft iron wire, AB, AB, ch 0a et 48 3 
top, and ſuſpend them on a pin ſo that the wires may hang at ſome diſtance from the wall. 5. p 
Then bring the marked end D of a magnetic bar juſt under them, and it will be ſeen that 
the wires repel each other more or leſs in proportion to the diſtance of the beg The ; 

ſame may be ſhewn by means of the ſouth pole of the magnet. Cdn ba bh 

If the wires be of ſoft iron, they will, on removing the magnet, bon collaple; But i 

ſteel wires, or two ſewing needles be uſed, Une will retain their ee e and con- 

men een, : F ; 


3. Take four pieces of ſteel wire, or four common Sing Width nen 
and Join them two and two as in the laſt experiment; then bring the ſame pole of the 
magnet under both pairs, by which means they will acquire a permanent magnetiſm, and 
the wires of each pair will repel each other. Aſter putting the magnet aſide, bring one 
pair of the wires near the other pair, ſo that their lower extremities 755 be level, gs the - - 
four wires will repel each other and form a kind of ſquare.” | . 


4. Strew ſome iron filings upon a ſheet of paper laid on a table, and ety ſmall whe. „ 
ficial magnet among them, then give a few gentle -knocks to the table with the hand, ſoo 
as to ſhake the filings, and they will diſpoſe themſelves round the bar in the manner repre- 
ſented by the figure; many particles clinging to one another, and forming: themſelves into Plate * 
lines, which at the very poles, are in the ſame direction with the axis of the magnet; e 
little ſideways of the poles they begin to bend, and then they form complete arches, reaching 
AMR AAR half of the PO Oe RE ANNAN which e 


5. Tic a thread' 6 one id ef « bit of bn bes wie AB} St uv e e 
ſuſpend it freely ; let a bar of ſoft iron CD be ſo ſupported; as to have one of its extremities . 7: 
C about 3 of an inch diſtant from the lower extremity B of the wire. Bring now either 
pole of a ſtrong magnet EF under it, and the end B of the wire will recede from C, becauſe 
they are both poſſeſted of the ſame polarity : but if the magnet be applied to the upper part 
of the wire, in the ſituation GH, then the end B of the wire will be attracted. by the 
extremity C of the iron bar, becauſe, ſuppoſing G to be north pole of the magnet, C acquires 
a ſouth polarity, ml ae 2s PL OR I OO ER 
hemmen, FF e 


Scnol. 3. . whether x body pllſts an 
minen and in caſe it does, to find out the poles. | 


FE XP, f. j To afeertain whether a body has any attradtion dos the magnet. . 
. | If 


— 
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Plate 13. 
- Fig... 8. 
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If the body contain an evident quantity of iron, it will be perceived as ſoon as it is. 


brought in contact with the magnet, as a certain force will. be: required to ſeparate them. 
If the body be not ſenſibly attracted by the magnet in this way; let it be placed, by 
means of a piece of cork or wood, upon. ſome water, or mercury, in a common ſoup plate, 


in which ſituation let a magnet be brought ſideways to it, al the attraction will be manifeſt 


by the body coming towards the magnet. 8 
2. To aſcertain whether a given body has. any magnetiſm. | 


Tube only difference in this experiment from the laſt is, that inflead of a magnet, muſt 


be uſed a piece of ft clean iron, WORN le Pf, e 


3 A magnetic body being given to find out its poles. 5 | 
Preſent the various. parts. of the ſurface of the magnetic body te Me one of the 


poles of a magnetical needle, and the parts poſſeſſed of a contrary polarity will be diſcovered. 


by the needle's ſtanding perpendicularly towards them. Then preſent the VIII, ores 
ee e wr ſens. pany e ihe; ee hs noni. By, | 


Der. VIII. There i is 2. point between the peas where the magnet 
has no attraction nor repulſion, this point is called the magnetic center, 
Gong it is-not e a between the two. poles. | 


PROP. VI. If a wagner be cut en u dn or any way 


broken in two, each piece will become a complete magnet, and = Fry 
which were contiguous will become oppoſite poles. | 


Exy. 1. Take a magnetic bar AB, EGG i os nc Gas : 
having only two poles A and B. The magnetic center of this bar will be in, or very near, 


its middle C. Now if, by a ſmart ſtroke of a hammer, part of the magnet be broken off as 
Gal Mato end chat hs yt off the: agrees eee eee eee 
the contrary: polarity,. and a magnetical center E will be generated, | 

At firſt the magnetic center of this fragment is nearer. to the fracture F, W 
adyances towards- the middle of the fragment. eee ee eee 
ſractute, will kkewiſe advanee nearer to the middle of it. 5 
2. A ſteel bar, of the fame ſise as that 'mentioned in the laſf experir ee 
quite hard, may be broken into two parts, and ſo preſſed together as to appear whole. In. 
this ſituation. it may be rendered magnetic by, the: application of very powerful magnets to 


| its extremities ; and the whole bar will be found to have two, poles at its extremities, and 


one magnetic center in its middle; bus if the poets. be ſeparated, each will be found to haue 
tro poles and , denten 23 


Fg „ e 


co 
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Con. 1 that Oo magnetic! center mmpinti euer be ene 
_ by e een Tor by wanne nnn i 


PROP. VIE. | Magretifin requires {ome time to Feen be 


iron. 


_ Exp. Place bull pes een l e, 
as to draw it a little out of its direction, apply one of the poles of a ſtrong magnet to the 
other extremity of the iron, and ſeveral. ſeconds will be required before the ntedle can be 
effected by it. Ware yn 06/8 e,, 
n 8 n e xvi 1596157 


— 


- Dis: N. A magnet s Gd tobe armed when i poles are 


with plates of ſteel or iron. | 0 
L 


- PROP. VIII. A magnet will ure up much more ir dene, 
Gun it dan ade. f es ol lt 1. -: 


As both magnetic poles a rote whe ene e ig ah and as 
the two poles of a magnet are generally in oppoſite parts of its ſurface, in which ſituation, 
the ſame piece of iron cannot be adapted to them both at the ſame: time; theftſore it has 
been common, to place two broad pieces. of ſoft iron to the poles of a magnet, and pro- 
jecting on one ſide, becauſe in that caſe, the pieces of iron being rendered magnetic, another 

piece of iron could be conveniently adapted to their projedtions, fo that both poles may act 
at the ſame time. Thole pieces of iron called the armature, are generally hold faſt upon 


che magnet by means of a ſilver or braſs box. Thus AB repreſents the magnet, CD, CD , 


repreſent the armature or pieces of iron, the projectiuns of which are DDy and to which 
the piece of iron F is made to adhere. The dotted lines repreſent-the braſs box” having a 
ring E at top by which the armed magnet may be ſuſpended. . Renn 
of the magnet, which are at A and B, are made to act at BD. 

| — é—— m 


* 


| ' PROP. Id; A magnetical _—_ accurnchs W on a A or 
center, will ſettle in a certain direction, either _—_ or nearly north 
and ſouth, called the magnetical meridian. | | 

This is known by long experience. g 1 

The directive power of the magnet is the moſt wonderful and uſeful part of the ſubjeR. : 


B ir mariners are enabled to conduct their veſſels through vaſt oceans in any given direc- 
| Aaa * CE, tion; 
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tion ; by it miners are guided in their works below the ſurface of the earth; and travellers. 
conducted through deſerts, otherwiſe impaſſable. | 

The uſual method is to have an artificial magnet 3 ſo as to move Gels, which 
will always place itſelf in or near the plane of the meridian north and ſouth : then by 
looking upon the direction of this magnet the courſe is to be directed ſo as to make any 
required angle with it. Thus, ſuppoſe that a veſſel ſetting off from any place in order to. 
go to another which is due weſt of the former ; in that caſe, the veſſe] muſt be ſo directed 
that its courſe may be always at right angles with the ſituation of the magnetic needle, the 
north end of which muſt be to the right hand. A little reflection will ſhew how the veſſel 
may be ſteered in any other direction. An artificial ſteel magnet fitted for this purpoſe in 
2 proper box, is called the mariner's compaſs, or ſea compaſs, or, ſimply, the compaſs ; which 
inſtrument is too well known to need any particular deſcription. The mariner's compaſs, 
with the addition of ſights, divided circles, &c. for obſerving azimuths, and amplitudes of 


the heavenly bodies, ROT ee e__ 


. i 5 


Dr. X. The 1 of the horizontal needle from the meridian; 
or the angle which it makes with the meridian, when freely ſuſpended 
in an horizontal r is called the declination. or variation of the needle. 


PROP. X. There is generally A x mn variation in the diets. of 
thi magnetic needle, which differs in degree at-different places and times. 


| F e compels at which the fon riſes or 
ſets, and comparing them with the true points of the ſun's riſing or ſetting, according to 
© aftronomical tables. Thus, if the magnetic amplitude is 800. e of the north, aod 
the true amplitude is 820. towards the fame fide, then the variation of the needle is 2. , welt, 


The variation may be eſtimated from the azimuths in the ſame way. 


S⸗cnor: 1. Nb eh ee ihe lis g le bebe etaperiing iin 

to certain limits towards the eaſt and weſt. The firſt good obſervations, on the variations, 
vere made by Mr. Burrowes about the year 1580, when the variation, at London, was 
11%. 15% eaſt, and ſince that time the needle has been moving to the weſtward at that 
place; , been | 
ee, nee FE: if Ef od | 


n APR. 


Years, . 3 enen ee 5 ä 
6 12 5 . 0 5 
1723 Graham. 14 17. Welt. | 
1747 1 I | ” 7 3 
1774 .., Royal Soc. 21 6% 5 
' 1775 Royal Soc, 21 43 5 5 
1776 Royal Se. 21 47 1 


 Obſervert, Piuriation E. 5 | 
TY _ 999 3 
Burrowes. 11 15 Eaſt. 

Gunter. 33 | 
Gellibrand. 3 
777% 


Bond. 1 
Bond. 1 23 Weſt. 1777 Royal Soc. 22 12 | | 
Bod. 16 %% / 
Mm 230” |, 3779 Royal Sow. 2228 
— 4 30 F 1780. ; Royal Spe. 2 Jt. 
By this table it appears, has deed be 1101 ab n n in 10 till 16375 the e 
the variation at London was 11% 15% in 77 years, which, at a mean rate, is nearly 9“. a 
year. And from 157 to TY ir changed. 22", 41. which is | 85 0 rate e of 11“ a 2 88 : 
nearly. Fr: * ll e 5 5 | 
| „ . . boa 
At Paris the 1640 3 0” At St. HELENA : 
Variation of 1660 © 0 [ : the Variation 
the Needle 1 1681 2 2 Weſt. of the Needle 
was 1759 18 10 was 7 ; 
e f 1769: 10 20 27S ky BE FS. 5 ; 
| Near the e, in long, 407. eaſt; | higheſt variation from the year 1700. to 17 56, 
was 17% 15%. weſt; and the leaſt 160. 30. W. In lat. 15%, N. and Jong. bo®. W. the ; : 5 


variation was conſtantly 5. E. In lat. 10% S. and long. 60“. E. the variation decreaſed | 
from 17% W,. to 7% 15, W. In lat. 10%, S, and long, 5%. W. it increaſed from 2. . 1 
129, 4, W. In lat. 18˙, N. and long. 200 W. it increaſed from 16. W. to ge. W. inn 5 
the Indian ſeas the irregularities were greater, for in 1700, the weſt. variations ſeem to 


have decreaſed regularly from long. 50*. E. to long. 1005. E. but in 17 56, the variation i 
decreaſed ſo faſt, that there as caſt, variation in long; 80. ORs. E. and yet, in by 
Tong, 95. and 1009. E. there was weſt variation. 3X 
In the year 1775, in lat. 58. 1“. S. and long. 348. 26. E. it wah oe. to W. bo | 
Mn 2% 24'.N. and long. 32% 127. W. ine FRI 1 W. re ren A quaint 8 | 
Ronny rel 0 r 1G aofaim, ati wg ne þ J 
: 1 115 4 $410 v8 37: (x i350 365 1 5 1 1 th oo £154 Parant, . 2 a 8 
1. ür: ie , 09 1 Sagi 0 8 39} ker LT * 
1 n 961-4 ©: 4 KIN9169H5 £7 035 ie pltice vox, bs ole a 2 tet 14s f . — 
. ; 1 | | | 9 ScHoL, 
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3 2. The variation * the onde is ; affected by heat and cold. The following is 
the reſult of obſervations- made by Mr. Canton at different hours : and nh; the 
mean variation for each month in the year. | | 


The Declination obſerved at different Hours. of the The mean Variation for each Month 


fame Day. ; A if | 5 in the Tear. | 
5 1759- LE, . e : 6.961 wa: 

18 Ni 100 leer - — 7 8 
18 58 || 62 February =. M18 
F March ; , dh SK” AV 17 
18 54 67 April — - 12 26 | 
18 57 | 69 r e e 
1% „ ie eee , e te ee OE 

Bt Des un ba e 
19 9 | 79 Auguſt | 3 12 19 
9g 8 70 September 11 43 
9: , . 10 36 
18 59 61 3 - ' "8 iS 
"29... 2 5 | December — 6 38 


PROP. XI. A nelle WH Meere it receives che mabnetic power, 
' reſts on its center parallel to the horizon, on becoming magnetical will 
incline towards, the e 225 is called the . or a of the 
o 
25 Libs ber the ſouth pole, the north end of the needle will be directed perpendi- 
cularly to it; as the needle is moved, the dip will grow leſs, and when it comes to the 
magnetic center it will be parallel to the bar; afterwards the ſouth end will dip, on" the 
needle will land perpendicular to the bar when it i diteAy over the north pole. To | 


Senor. 1. re ede wen Umm nooidentaly by: Rabert 
nnn about the e He relates, that it being 
his cuſtom to finiſh and hang up the needles of his compaſies, before he touched them, he 
found that immediately after the touch, the north point would always dip or decline down- * 
ward, pointing in a direction under the horizon; ſo that, to balance the needle again, he 
was forced to put a piece of wax on the ſouth end as a counterpoiſe, The conſtancy of the 


BOOK VT. | OF MAGNETISN. 5 5 


effect led him to meaſure the angle which the needle would make with the horizon, and be 


found it at London to be 71%. 50. 


It is not yet abſolutely aſcertained whether the dip varies at "the ae! e | 
and has been fince the year 1772, about 7 26. accoiding to ſeveral obſervations made by Mr. 


Nairne and the Royal Society. The trifling difference between the firſt obſervations of 


Mr. Norman, and thefe laſt of Mr. Nairne, Se. aas Th We 


alterable at the ſame place. 


It is certain, however, that the dip is different in different latitudes, and that it increaſes in 


going northward. It appears from a table of obſervations made. with a marine dipping 
needle of Mr. Nairnes, in a yoyage d, the porth pole in 1793, tas | | a 
o # þ © 2 . 
In latitude 60 18, the dip was 75 o. 
In latitude 70 45, the dip was 77 52. 
In latitude 80 12, the dip was 81 32. 
In latitude 80 27 the dip was 82 "Y 
See Phil Tranſ. vol. LXV. 


ScHoL. 2. The phenomena of the comp; and the 48 needle, and of the mag - 


netiſm acquired by an iron bar in a vertical poſition, leave no room to doubt but that the 


cauſe exiſts in the earth. Dr. Halley ſuppoſed that the earth has within it a large magnetic 
globe, not fixed within to the external parts, having four magnetic -poles, two fixed and 
two moveable, which will account for all the phænomena of the compaſs and dipping, 


needle, This would make the variation ſubject to a conſtant law, whereas we find caſual _ 


changes which cannot be accounted for upon this hypotheſis. This the doctor ſuppoſes may 
ariſe from an unequal and irregular diſtribution of the magnetical matter. The irregular 
diſtribution alſo of ferruginous matter in the ſhell may likewiſe cauſe ſome irregularities, | 


Mr. Cavallo's opinion is, that the magnetifin of the earth ariſes, from the magnetic ſub- 55 
ſtances therein contained, and that the magnetic poles may be conſidered as the centers of 


the polarities of all the particular aggregates of the magnetic ſubſtances; and as theſe ſub- 
ſtances are ſubject to change, the poles will change. Perhaps it may not be eaſy to conceive 


| how theſe ſubſtances can have changed fo materially, as to have cauſed ſo great a variation 
in the poles, the poſition of the compaſs having changed from the eaſt towards the weſt 


about 33. in 200 years. Alſo the gradual, though not exactly regular change of varia- 


tion ſhews, that oa any OO NO which may take einde 


1 | 
Mr. Churchman of 88 ſays, there are two 8 of 8 one to the 


4. and the other to the ſouth, at different diſtances from the poles of the earth, and 


, in . e and from the e influence of theſe. two. poles, he 
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deduces rules for the poſition of the needle in all places of the earth, and at e paſt, 


preſent, or to come. 
The' north magnetic pole, he ſays, makes a complete e in 426 years, 77 days, 


9 hours, and the ſouth pole in about 5459 years. In the beginning of the year 1777, the 
north magnetic pole was in 708. 4'. north latitude ; and in longitude from Greenwich 140%. 


calt ; and the fouth was in 72%, ſouth latitude, 140˙. caſt from Greenwich, 1 
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Dee. . "PHE earth, and all bodies with which we are acquainted, 
4d, are ſuppoſed to contain a certain N of e 
elaſtic fluid, which i is called the electric Huid. + 4 . 
ScHoL. "Tis certain Ves ase gest , Fa 
and fo long as each body contains N more nor n wn Pe hci ür gr 1700 
en and to produce no effect. . 


.Des. II. When any body becomes poſeſſed of. more, orief 5 than i its 
natural quantity, it is ſaid to be eleciriſied, and is capable of ee Es 
appearances which are aſcribed to the power of electricity. | 5 


Schor. This equilibrium could never be diſturbed, or, if it was diſturbed, would be 
immediately reſtored, and therefore be inſenſible; but that ſome bodies do not admit the 
paſſage of the electric ee e e or along their ſurfaces, ee 


Dex. III. n an additional quantity of electric 
. or loſt a part of what naturally belonged to it, and it is at the 
ame time ſurrounded by bodies through which it cannot ee paſs, it buſt | 
remain in ern err 


_ 1 * 7 * : * 
3 W . : > _ 1 
1 Y 8 , £565 
+ 2 5 
, PROPOSITI ON I. 7 a 3 y | | 4 5 | 


A 5 1 S l 
The Eczcrarc Fro, "being excited, becomes pride 0 the 


ſenſes, || 5 


- St * 1 6 


Exp. 1. „ AGE th} wy the: 
electric fluid, being thus excited, E ͤ˙ ETA PL NIN? | 


ws. ee EE AR NAIL $11": N 1 
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OF ELECTRICITY. 


The glaſs tube is called the electric, and all. thoſe bodies which are capable, by any 
means, to produce ſuch effects, are called elefrics.. The hand, or my other _ that rubs 
an electric, is called the rubber. 


2. As the exciting a tube is very laborious for the operator, and the 8 | 
by that means is ſmall in quantity ; globes and cylinders are uſed for this purpoſe. Theſe, 
by a proper apparatus, are made to revolve on their axes, and a rubber of leather is applied 
to the equatorial parts of the tevblving glaſs, which-become electrical by the friction. The 
electricity of the globe, or cylinder, is received by a metallic conductor inſulated on a glaſs 

A cylinder or globe thus fitted up is called an electrical machine. C repreſents a glaſs 
cylinder about one foot in diameter and 20 inches long, which is turned by means of a 
wheel; the rubber or cufhion is ſupported behind the cylinder by two upright ſprings that 
appear beneath, and are faſtened to two croſs bars of glaſs. B is a metallic conductor, 
ſupported on two pillars of glaſs: from the end neateſt to the cylinder flue ſeveral points, 
and at the other end the ball E projects by means of a wire. Sparks given by the conductor 
of a machine of this conſtruction and magnitude are from 12 to 14 inches long. A chain 
D muſt connect the rubber with the earth. | 


School. 1. In all & s in A dey the greateſt care ſhould be taken to keep 
every part of the apparatus clean, and as free as poffible from duſt and moiſture. When 
the weather is clear, and the air dry, eſpecially in clear froſty weather, the electrical 
machine will always work well But in wa hoe, or damp ere . as 1 is not 
ſo powerful. 

Before the machine is uſed the eylinder ſhould be wiped firſt very cleas with a fot linen 
cloth; and afterwards with à clean hot flannel, or old filk handkerchief. ; 1 

LR ee eee W 
made with one part of zinc, and four or five of mercury. 


Scxor. 2. Reſpecting the theory of electricity, there are two different hypotheſes, one 
that there is only one fluid, and the other that there art two. Dr. Franklin's hypotheſis is 
the former, and it depends on the following principles- (1) That all terreſtrial bodies are 
full of the electric fluid. (2) That the electric fluid violently repels itſelf, and attracts all 
other matter. (3) By exciting an electric the equilibrium of the electric fluid contained in 
it is deſtroyed, and one part contains more than its natural quantity, and the other leſs. 
(4) Conducting bodies, connected with that part which contains. more electric fluid than its 
natural quantity, receive it, and are charged with more than their natural quantity; this is 
called paſtiue electricity; if they be connected with that part which has leſs than its natural 
quantity, they part with ſome of their own, and contain leſs than their natural quantity ; 
this is called negative electricity. (5} When one body poſitively and another negatively 
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* * 4 * 


| elefrified are connected by any conducting ſubſtance, the ſſuid in the body which is-poſitively 


electriſied ruſhes to that which is negatively elerified, and the equilibrium is reſtored, 
3 Theſe 


Book vi. E ELECTRICITY: 


Theſe are the principles of poſitive and negative electricity. The other hypotheſis is, chat 
there are two diftin& fluids, which was ſuggeſted by M. Du Faye, upon his diſcovery of 
the different properties of excited glaſs, and excited reſins, ſealing-wax, &c. The follow- 


37¹ 


ing are the principles of this theory. (1) That the two powers ariſe from two different 


Auids which exiſt together in all bodies. (2) That theſe fluids are ſeparated i in non-eledtrics, 


by the excitation of electrics, and from thence they become evident to the ſenſes, they 


deſtroying each others effects when united. (3) When ſeparated they, raſh together again 
with great violence, in conſequence of their ſtrong mutual attraction as ſoon as they are 


connected by any — ſubſtance. * hath are the e principles « of vitreous and 9 gt 
electricity. | | TIT) ; 


PROP. II. The electric Aud paſſes e along the Nes of ſome 
bodies; whilſt other bodies do not copyey iti the former are called Con- . 


duclorr, the latter, Non-condaftors, or Elettrics. | 


Exe. The metallic cylinder being fixed upon glaſs ben * lads near the 
eledric machine, will, by means of pointed wires, receive the eleQric fluid from the glaſs 


cylinder, and the fluid will be diffuſed over the whole ſurface of the metallic cylinder, from 
whence it cannot paſs-through the glaſs ſupporters which are electrie, | but may be conveyed 


away by any metallic or other conducting ſubſtances, e eue Es 
eee pier call th cr c . =hoy?: 


PROP. III. Some dondlustors are were Fee ee e and the : 


A Wo fluid paſſes through that which i is moſt perfect. 
„The Aud will pad weh u-Wiie held in de bnd, 


Scholl. 1. The fllowing bodies ar epaduBrs and clricy, diol, te oper of ' 
+ their degrees of perfection: ConDUCToRs ;' gold, filver, copper, braſs, iron, tin, quick- 
ſilver, lead, the ſemi-metals, ores, charcoals, water, ice, ſnow, ſalts, ſoft ſtones, ſmoke, 


Ream : Non-ConDucToRs, or EttcTRICs ; glaſs, and all vitrifications, even thoſe of *- 


metals; precious ſtones, reſins, gums, amber, ſulphur, baked wood, bituminous ſubſtances, 
wax, ſilk; cotton, feathers, wool, hair, paper, air, oil, hard ſtones. Many, 9 
 come.conduftors when heated, and all when moiſtened. 


SCHOL. 2. Glaſs veſſels, nnie for e ounce, eee 


dies by uſe and time, though they might be very bad ones when new. And ſome glaſs. 


veſſels, which had been long uſed for excitation, have ſometimes' loſt their power almoſt 
entirely. Dr. Prieftley mentions ſeveral inftances of very long tubes which, when firſt 


made, anſwered the .purpoſes of electricity admirably, but after a few OO they have 


* e almoſt 2 


\ 
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Scuol. 3 An exhauſted glaſs veſſel on being rubbed ſhews no ſigns of eleQricity 
upon its external ſurface. But the electric power of a glaſs cylinder i is the ſtrongeſt when 
the air within is a little rarefied. If the air be condenſed, or the cylinder be filled with 


ſome conducting ſubſtance, it is incapable of being excited. eee, a ſolid ſtick of 
| glaſs, fealing-wax, ſulphur, &c. 1 be excited. 


Scholl. 4. The fame ſubſtance, by different Fenn is fometimes a conductor, and 


at others an electric. A piece of wood juſt cut from a tree is a good conductor; — let it be 
baked, and it becomes an electric; — burn it to charcoal, and it is a good conductor again; 


laſtly, let this coal be reduced to aſhes, and theſe will be impervious to electricity. Such 
changes are alſo obſervable in many other bodies; and very likely in all ſubſtances there is a 


, Rn from be condurtons to the beſt non-conduQtors of nen. 


- PROP. IV. Non- conductors retain the fluid on a ſmall part of their 
fuckers where the friction has acted ;' conductors diffuſe it over all their 


' ſurface, and therefore cannot confine it, - unleſs they be erg 7. en- 
tirely by non-conduQtors, or be inſulated. | 


£3 YE) 


Exp. ee encendcleiric,and in inrefl 


diffuſion over a conductor. If a finger, or any other conductor, be preſented to an excited 


glaſs, cylinder, tube, &c. it will receive a ſpark, and in that ſpark, a ſmall part only of the 
electricity of the electric: becauſe the excited electric being a non- conductor, cannot convey 


the electricity of all its ſurface to that point to which the conductor has been preſented. 
Eut if any conducting ſubſtance be brought to a charged metallic conductor, it will receive 
in one ſpark nearly the whole of the electricity accumulated upon it. The ſmall part 


W road co a ei det ITE robs. 


"Dar. IV. A body is faid to be pofrrively. elefirified, when it has, 


/ thrown 1 upon it a . 15 of * eee ue than Ks, natural | 
"ſhare. ts 


if 


Der. v. A body! is aid! to be e aer when it tis a tek 


_ quantity of the electric matter than i is natural t to it. 


* PROP. v. The electric uid may be excited by rubbing, Ss pouring 


a melted electric into another NNE, by wort: and FOG = 19 8 


evaporation. 
Exe, 
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| Exp, 1. In working the electrical machine, the fluid is excited by friction. Rubbing 
is the general mean by which all electric ſubſtances that are at all excitable may be excited. 
Whether they be rubbed with electrics of a different ſort, or conductors, they always ſhew 
ſigns of electricity, and in general ſtronger when rubbed with . and been ens | 
rubbed. with electrics. , 


2. When ſulphur is meds ingo/dar earthen. veſlel, if the veſſel be e 8 
ducting ſubſtance, the ſulphur, when cold and ſeparated from the veſſel, is Rrongly, elec- 
trical, and will attract light bodies. 


3. If ſulphur be melted into glaſs * * cold, the glas, whether rr by 
electrics or not, will be poſitively electrical, and the ſulphur negative 


4. Melted ſealing-wax, when 295 into n becomes polnively clarited, and 
the ſulphur negative. | | 


1 [etl ings unn ga en wie- give dena; pon bring | 7% 
| enen the glaſs is politive, 1 2 K | 8 

6. Sulphur melted into metal cups, aus no ſigns of electricity till it is ſeparated from . To 
de cup, when the cup is negative and the ſulphur i is poſitive. | 


7. 1 chef een bi beben 0 8 che mctatieig that were cont -, 
guous will be found electrified, one poſitively, and the other negatively: | 01s 


8. The tourmalin, a ſtone which is generally of a deep red, or purple colour, about the 
| ſize of a walnut, and found in the Eaſt Indies, while kept in the fame degree of heat, 
| ſhews no ſigns of electricity, but will become electrical by increaſing or diminiſhing its 
heat, and ſtronger in the latter than in the former caſe. (1) Its electricity does not appear | 
+ all over its ſurface, but only on two oppoſite ſides, which may be called its poles, and'they : 
are always in one right line. with the center of the ſtone, and in the direction of, e ſtrata; 
in which direction the ſtone is abſolutely opaque, though. on the other fide it is ſemi- 
tranſparent. (2) Whilſt the tourmalin is heating, one of its ſides (called A) is electrified 
plus; the other (called B) minus. But when it is cooling A is minus, and B is plus. 
- (3) If this ſtone be excited by friction, then both its ſides at once may be made poſitive. 
(4) If a tourmalin be cut into ſeveral parts, each piece will have its poſitive and negative 
poles, correſponding to the poſitive and negative ſides of the ſtone from which it was cut. 


ScHoL. Theſe propos are now found to belng to over hard and precious ſlaneyas ] 
well as to the toyrmalin. 5 PE 1 


1 ee ee ES + Fo 

_ + inſulating ſtand, as a wine glaſs, place an earthen. veſſe}, as a crucible; a baſin, &. and ; 
put into it three or four lighted coals. Let a wire be put with one end among the coals, 
„ let it touch a very ſenſible electromer. Tus pour bt » man, 
N f 5 > db 
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water at once upon the coals, which will occaſion a quick evaporation; and at the ſame 
time the electromer will diverge. For a deſcription of the electromer, ſee Prop. XII. 


PROP. VI. The electric fluid may be lodged in electrics, or in in- 
ſulated conductors, in a greater quantity than naturally belongs to them, 
or they may be pgſitively electrified. x 


Exp. In working the machine, the cylinder acquires more than its natural quantity of 
fluid by excitation, the conductor, by communication: for, while there is a free conveyance 
of fluid from the earth to the rubber, by means of a IG ſupporter, the conductor 

will be highly electrified. 

Schorf. The electrie matter with which the prime conductor is loaded, i is not AMP 
by the friction of the cylinder againſt the rubber. It is only collected by that operation from 
the rubber, and all the bodies that are contiguous to it. If, therefore, the rubber be well 
inſulated, the friction of the cylinder will produce but little electricity: for in that caſe the 

/ rubber can only part with its own ſhare, which is very inconſiderable. In this ſituation, if 

the finger be preſented to the rubber, ſparks will be ſeen to dart from it to the rubber, to 

ſupply the place of that electric matter which had paſſed from it to the eylinder: if the 
conductor be alſo inſulated, theſe ſparks will ceaſe as ſoon as it is fully loaded. 29 


PROP. VII. The electric fluid being accumulated on any body, will 
paſs to any conductor brought near to the body: if it paſs from, or be 
received by, pointed wires, it will be conveyed in a continued ſtream ; 

i it paſs from, or be received by, a ſurface which has no ſharp points, 
it will be diſcharged with an inſtantancous exploſion or {| Po... 


Ex. 1. Recvive d fluid from the eser upon a pointed wire, and wpon.a bn 
4. Tue fluid will be diffuſed through the ſurrounding atmoſphere, by wires placed upon 

Con. Hence ariſes the neceſſity of keeping the whole ſurface of the conductor free from 

Scher. When a conductor is electriſied by communication, its whole electric power 
is diſeharged at once, on the near approach of a conductor communicating with the earth; 
b ee en eee e eee Fe e 131 RY 
ee e tram 
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PROP. VIII. If conductors be inſulated, they will retain a greater 
or leſs quantity of the electric fluid (the power of the machine * 


given) Proportional to the extent of ſurface in the conductor. 


Exr. Obſerve the difference in the magnitude and diſtance of ſparks taken foe l, 


conductor, and of thoſe taken from a large one. 


There is a limit, beyond which this Propoſition will not hold true, but adds experiment 


has not yet aſcertained. For it is certain, that if the conductor be very long, it will diſ- 
charge itſelf over the cylinder back to the rubber long before it is fully charged. The 


late Mr. G. C. Morgan, whoſe ! memory will be ever dear to the editor of this work, aſſerts, 

that by the moſt powerful excitation of a cylinder 14 inches in diameter, the ſpark afforded 
by a conductor 8 inches in diameter, and 12 feet long, did not equal half the length of 
that procured from the fame cylinder with a conductor of equal diameter but ſhortened to 


6 feet. And he thinks that a conductor of half that length even, and about 16 inches in 
diameter, would have yielded a longer park than either of the n See e 8 
Annen 1 30-5 1 


PROP. IX. A boch may be e ein of cart 4 its | natural portion 
of electric fluid, or be negatiuely eleftrified. 


Exr. If the rubber which communicates the fluid to the glaſs 5 and from 8 
to the conductor be inſulated, becauſe by working the machine 2 quantity of its fluid is 


conveyed away, and it cannot receive a freſh "I N its * it will be in an 
exhauſted or negative ſtate. 6 | | 


SCHOL., If negative eleQricity be 8 then he chai which connects the is 


with ſurrounding objects, and conſequently with the earth, the great reſervoir of the elec- 
tric fluid, muſt be removed from the inſulated rubber, and hung to the prime conductor; for 


in this caſe the electricity of the conductor will be communicated. to the ground, and the 
rubber will appear ſtrongly negative. Another conductor may be oonnected with the inſu- 


| lated rubber, and then as ſtrong negative electricity may be obtained from this as poſitive. 
can be in the caſe before mentioned. 


-The patent machine of Mr. Nairne e e of poſitive 
and negative electricity. 


45 I ner 


' PROP. x. When bodies are negatively cleftified chey x receive 55 | 


fluid from other bodies brought near them, — 113 


Exe. 1. Let two inſulated conductors, one of which is connecked with 3 eylinder, 
the other with the rubber, be electrified; whilſt they are in this ſtate let them be brought 
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near each other; a ſpark will paſs from that which ren YH) is poſitively, to that 
which (by Prop. IX.) is negatively, electriſied. 


I; Let two perſons ſtanding on -laſs feet be clefrificd, firſ ba Dells” or both 


© - negatively, they will not, on contact, communicate the fluid to each other; but let them be 


electriſied, the one poſitively and the other negatively, by making a communication from 
one to the conductor, and from the other to the rubbef, on "ROY the former 1 80 925 
W n e ns h 


PROP. XI. From a pointed body 88 electriſied the fluid will 
be ſeen to ſtream out, towards any electrified body brought near it, in 
a conical pencil of rays; whereas in paſſing from the unelectrified body 
to a pointed body negatively electrified, it wil form a globular 5 0 or 
ſtar, about its point. b 


Exe. 1. Obſerve, in a dark room, Ne eee of the cleAric fluid at the 
extremity of a pointed wire, when the point is preſented to an inſulated conductor poſitively, 
and when it is preſented to one negatively, electrified; or when ſuch a wire is fixed upon a 
conductor poſitively or negatively elefrified. | 


2. Within a luminous conductor electriſied poſitively, (viewed in a a dark 4 5 the Auid 
will be ſeen paſſing in the form of a pencil from one wire, and received in the form of a 
ſtar * other; and the reverſe if if it be eledtrified 8 216. | | 


PROP. XII. If two bodies be cledtrified, both poſitively, or both 
negatively, they repel each other; but if one be electrified poſitively, 
and the other be eh or not at all electrified, - they attract each 
other. | 


Exp. 1. Light feathers, or hair, connected with the 388 appear repellent, but 5 
attracted by bringing any non- electrified body near them. | 


2. The hair of a perſon. eleAtried becomes repellent. ET: 


4; oe abun! data ul pl ring hes n white 
conductor is electrified. 


4. Downy feathers, paper 1 chats of * thiſtle down, gold. leaf, Frags duſt, 
or other light bodies, brought near to the conductor, are 3 e n e 
bee e l e e e e ene E 43 


* * 
* 7 #8 3 : 4 
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5. T'wo bells being ſuſpended by wires bon a bend 4 rs ed We 11 1375 


ductor, and a third by a ſilk cord, and two ſmall balls of braſs ſuſpended ee u. Ff 3 
thread between the bells, the fluid will be communicated from the conductor to the 45 
bells, and by the balls to the middle bell, and from thence conveyed by a chain to theiparths: /. 
the balls in receiving and communicating the fluid are attracted and W nn, 97 
prom ringing. Sd F 498 5 
6. Let water flow from a capillary tube, from which, before it is elend it „ 4 
in drops; 125 being electrified, the particles of fluid will EI ſeparated, 11 Arb „ 


accelerated. A 
Theſe appearances wilt be 2 whether the conduQtor be poſitively or wee „ 
electrified. 18 
7. Mr. symmer, in the year 1759, preſented to the Royal Society ſome 8 B 
electricity of ſilk ſtockings. He had been accuſtomed to wear two pair of ſilk ſtockings, a _ 
white pair under black ones. When theſe were pulled off together, no ſigns of electricity TE 
appeared, but on pulling off the black ones from the white, he heard-a ſnapping; noiſe, and _ 
in the dark perceived ſparks of fire. On this ſubject he has related a number of very curious Ni 
2 . and upon their n en, „„ 
Cor. Since it is {Sa that rubbed gas —— any inflated es it 
may be determined whether any body is eleArified poſitively or negatively, by bringing it near 
to a pith-ball, or down-feather, poſitively Nenne and 1 N - ws ball er | 
feather be attracted or repelled by the body, 2 my 


Exp. Bring a pith-ball or down-feather, ſuſpended by a filken thread and 8 54/4 FL 
electrified by any rubbed glaſs ſurface, near to another pith-ball or feather ſuſpended by 
a flaxen thread from a conduQor connected with .the Zan, r bring hy | one near 
: fo a conductor connected with the rubber, | 


$cuoz, The electrometer is an dat invented to ms the degree of ER Pre 13. 
fication of any body. Small degrees of electricity are ſhewn ele, ee 
very ſmall pith- balls, a, b, ſuſpended upon parallel threads, ſtrawa, Sc. Theſe balls pre- 
| ſented to a body in its natural ſtate Amun e 
will be attracted by it, and diyerge. 


Another very uſeful and common electrometer conſiſts of an upright ſtick, AB, + to which aq I 1 7 pi 


| is affixed a graduated ſemicircle: D is a pith- bal ſtuck upon the end of a fine ſtraw, Which 
dy means of an axis at C, is moyeable in a plane parallel to that of the ſemicircle. This 
electrometer is fixed upright on a prime conductor; and when it is not electriſied, the radius 
Will hang down, and according to the intenſity of the cleric fate given to the conductor, 
the eee cauſe ENS ont OE Et e os 11715 
* . . SER | Cee FR | ; f | | | Mr. „ 
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og 2 Mr. Cavallo has invented a very ſenſible electrometer, well adapted for the obſetvation of 
the preſence and quality of natural and artificial electricity. ABC is the braſs caſe containing 

the inftrument. When the part AB is unſcrewed, and the electrometer taken out, it appears 
as repreſented in ABDC. A glaſs tube, CDNM, is cemented into the piece AB. The 
upper part᷑ bf the tube is ſhaped tapering to a ſmall extremity, which is entirely covered 
with ſealing- wax. Into this tapering part, a ſmall tube of glaſs is cemented, the lower extre- 
mity being alſo covered with ſealing-wax, projects a ſmall way within the tube CDNM. Into 
this ſmaller tube, a wire is cemented, which, with its under extremity, touches a flat piece 
of ivory H, faſtened to the tube by means of a cork. The upper extremity of the wire 
projects about a quarter of an inch above the tube, and ſcrews into the braſs cap EF, which 
cap is open at the bottom, and ſerves to defend the waxed part of the inſtrument from the 
rain. From H are hung two fine ſilver wires, having very ſmall corks at the lower ends, 
"which, by their repulſion, ſhew the electricity. IM, and KN, are two lips of tin-foil 
ſtuck to the inſide of the glaſs, and communicating with the braſs bottom AB. They ſerve 
to convey away that electricity, which, when the corks touch "ww glaſs, is communicated 
den ir unt might diſturb their free motion. FN 

Wben this inſtrument is uſed to obſerve artificial electricity, it is het on a table, ting Ta 
*trified by touching the braſs cap EF with an electrifled body; in this ſtate, if any electrified 
ſubſtance is brought near the cap, the corks of the electrometer, by their converging, or 
diverging more, will ſhew the ſpecies of electricity. * 2 ly | 
: | When it is to be uſed to try the electricity of fogs, &e. it muſt be unſcrewed from its 
* and held a little above the head by the bottom AB, ſo that the obſerver may conve- 
niently ſee the corks, which will immediately diverge if there is any ſufficient quantity of 
electricity in the air, the nature of which webs oy aſcertained 5 bringing an Hen oma 9 * of 


fealing-wax towards the braſs cap EF. | 


PROP. XIII. From the ſharp 2 of electrified bodies chere pro- 


ceeds a current of air. 


Exr. 1. A wire, 1 bended i in . dats 
de-, wit lever te che rang e Pe: . 
proceeding from the points. | | | 

2. Let ſeveral pieces of gilt paper be ſtuck like vanes into the fide of a cork, dz the 


center of which a needle paſſes ; ſuſpend the whole by a magnet, and preſent one of the 
% r n erat: det er peg nt get ng, V | Fs 


ne PROP. XIV. Some dies upon being rubbed, are . elearified poſi· 


1 2 others negatively; and the ſame bodies are capable of being 
electriſied 


PS 


— 
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dlectrified Law or —— As —_ are ne Oe _ 
ſubſtances. 28855 395 : £44] 


Exe, Smooth glaſs Spankin poſitively elefrified by trim rubbed, nds any bene | 
hitherto tried, except the back of a living cat; rough glaſs becomes politively electrified 
by being rubbed with dry oiled filk, ſulphur, and metals; negatively, with woollen cloth, . 
ſealing-wax, paper, the human hand. White ſilk becomes poſitively electriſied by being. i 
rubbed with black filk, metals, black cloth ; negatively, with paper, hairs, the hand. 
Black filk will be poſitively electrified with red ſealing-wax 3 negatively, with hare's {kin, 
metals, the hand. Sealing-wax will be poſitively electrified with the hand, leather, woollen* 
cloth, paper, hare's ſkin. Baked wood will be poſitively electrified with filk, negatively,” 
with flannel. If theſe and other ſubſtances, being electriſied, be brought near to a'pith- 
ball or down-feather, as deſcribed Prop. XII. Cor. . it will n, whether they are 
cem tg or e | | | 4 od 


IEC 


PROP. XV. is A ee if * 3 * jr kg of. an 
clectrified body, will be electrified, at the part bee wean bod. in 
the manner contrary to that of the electrified body. 105 


. 1. Bring” a conductor (without od wires) near to the 84 cylinder, hill: | 
the machine, is working; if the conductor be not inſulated, it will be negatively eleftrified : 
till it is brought ſo near as to receive ſparks from the cylinder : if the conductor be. i in- 
ſulated, it will, in the ſame ſituation, be eleftrified negatively, in the parts neareſt the 
cylinder, and poſitively in the parts more- remote; as-may be ſeen by bringing an excited | 
glaſs tube (which is politively An near to a ball enn from the condudtor. 


Compare Prop. XII. Cor. b a £54 200 een 


2, Let two pith-balls be ſo ſuſpended by flaxen vet as to * in at when 
unelectrified; on being brought near to a body electrified poſitively, they will repel each 
other, being electrified negatively: if the balls be ſuſpended in the ſame ur ap th ſi ien 

ue they will, in the ſame ſituation, be poſitively electrified. | 1 


3. Let PC be an electrified prime conductor, and AB a metallic body placed within "wn late 13 
atmoſpticrs; but beyond the ſtriking diſtance, Now, from the principles already explairied, 8. 13. 
it is evident that the electrical attnoſphere of the prime conductor muſt be poſitive or negative. 

4 ) If it be poſitive, then the adjace t part A of the metallic body AB, will be found to be 
| LArified negatively ; the remote part B, will be electrified poſitively; arid thete will be 
a certain point D, in its natural Rate, or not elextrified at all. (2.) If the prime conductor 
be charged with negatiye electricity, then A will be poſitive, B negative, and ſtill} ſume 
eke D, will be found Tr which, Read the neutral . 


teen . 1 1 Ki 
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- Buri Seimhope lus demonſtrated, by ieee number of experiments, that the neutral 
point D, is the fourth point ot an harmonical diviſion of the line CAB. Conſequently, the 
points C, A, and B, being given, the neutral point D, may be always found. For, by the 
proportion affumed by his lordſhip, as the whole line BC is to the part CA, ſo is the We 
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| * BD to the middle term DA; therefore, by compoſition, BC CA (BA +2AC) : 


BDT DA Gro AD. Thus, if BA be 40 inches, n CA 36, then AD be : 
12s inches. | 


Cor. I. From the nature of this proportion, it is evident, that the neutral point D can 


. never be farther from A than half the diſtance between A and B, an 


conductor PC to be removed to an infinite diſtance. 


Cor. 2. It is likewiſe evident, „„ 
be A, when the end A of the metallic . pak... en into contact with the charged 
body, PC. ; 

Scyuor. From the above conſiderations, Lord "TORY has, with great ingenuity, 
proved by an elaborate mathematical demonſtration, illuſtrated and confirmed by a great 
variety of experiments, that the denſity of an electrical mee Art aa 
body muſt be inverſcly'as the ſquare of the diſtance from, the charged body. 


Let a circular plate compoſed of roſin and ſulphur, or of ſealing-wax, be negatively 


eleQrified by rubbing it with flannel; whilſt it is in this ſtate, let a metallic plate of the 


ſame form and ſize, having a glaſs handle faſtened to its center, be placed, by means of the 


handle, on the electrified plate; then receive a ſpark from the metallic plate with the finger: 


after which the metallic plate, being removed by the glaſs handle, will be found to be po- 
ſitively electrified. This inſtrument is called an electrophorus. | 


8 Let one ſide of a plate of glaſs be electrified ys the other ſide will — light 


bodies, being negatively elerified. 


6. , tn oh char poo; lin In. 


diameter ſmaller than the plate of glaſs, and let the plates be ſupported by a conductor; upon 


poſitively electrifying the upper metallic plate, by means of a wire connected with the. 
prime conductor, the fluid not being able to paſs along the glaſs, will be accumulated upon 


tte part contiguous to the upper metallic plate; whilſt the lower metallic plate, 78 


within the electric influence of the upper, will be * electrißed. 


£ 
4 


PROP. XVI. When any electric ſubſtance is electrified, it wei 
continue in that ſtate till ſome conductor conveys away the accumulated. 
or reſtores the deficient fluid; which will be done more or leſs rapidly, 
according to the degree of conducting power i in the conductor, and the 
mumber of Fon in "which it touches the electric. 5 


9 , ah. + 7 
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Ex. i. When the metallic plate in the electrophorus is electriſied (as deſcribed Prop. 
XV. Exp. 4.) by ſetting it upon the electric plate, touching it with the finger, and ſepa- 
rating it fucteſvely, many ſparks may be obtained, without again exciting che electric 
plate; for this plate being negatively electriſied, the metallic plate, on being touched with 
the hand, becomes poſitively electrified (by Prop. XV.) and the electric plate remains long 


in its negative ſtate, becauſe, not being a conductor, its deficiency will be OY een 
from the air Where its ſurface. is not covered. 


* I. 2:glafovellaly a common drinking -glaß, eee held mind es 
eleQric fluid on the inſide from a wire, or chain, fixed on the conductor, pith- balls, Pl 
under the veſſel upon a conducting ſupporter, will continue long in motion. . 


3. Let a plate of glals; be cleArified, in the manner deſcribed in Prop. xv. . 
Bega one ſide of the plate is poſitively eleclrified, and the other negatively, if a commu- 
nication is made from one metallic plate to the other by means of ſome conductor, part of the 
accumulated fluid will ſuddenly paſs to the ſide which is deficient; —_— | 
of the plates of metal to the glaſs, there will be s ſecond exploſion. 367 1 - 


Scuol. AB is an electric jar, coated with tin-foil on the inſide and outſide, within three Plate 1. 
inches of the top, having a wire with a round braſs knob K, at its extremity. This wire 8. '+ 
paſſes through the cork D, that ſtops the mouth of the jar, and, at its lower end, is bended - 
or branched fo as to touch the inſide coating in ſeveral places. eee ane 
any form and ſize, and are.calted Lehe Phials, or Leyden ri. 

A number of jars combined, make what is termed an electrical 3 ; they all band in in 
a box, the bottom of which is covered with tin, thus all their outſides are n and 
by means of wires and braſs rods, their inſides are alſo connected. | 

The' diſcharging rod conſiſts of a glaſs handle A, and two curved wires BB, which move Plate 12. 
by a joint C, fixed to the braſs cap of the glaſs handle A. The wires BB are pointed, and Fs. 8. 
the points enter the knobs DD, to which they are ſcrewed, and may be unſcrewed from them 
at pleaſure. By this conſtruction, the balls or points may be uſed as occaſion requires, The 
wires being moveable at t the your Co ny; be en to Denner or larger js at „ bs 


"PROP. xvnl. If 2 glaſs plane, or cylindrical veſſel, 1 on both 
Ges wats tin- foil, or any other conducting ſubſtance, be charged, that 
is, poſitively electriſied on one ſide, and conſequently-negatively electri- 
fied- on the, other; a communication being. made from one ſide to the 
ether by ſome conductor, che Phong eee he fundenly 45 
charged,” v with an exploſion. | = droge 0 asd nie 

— attraction — XIL, amd. XV.) betywoen: the fide — 


ed ue gla, or the du LK W. 
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effort towards the other ſide where the fluid is deficient; but the ſubſtance of the glaſs itſelf 
being impervious to the electric fluid, the accumulated fluid cannot paſs to the deficient ſide 
till a communication is made between them by ſome conducting ſubſtance. When ſuch a 
communication is made, becauſe the metallic coating touches the whole ſurface of the elec- 
tried glaſs, the whole quantity of ee fluid . paſſes from en Mn was 
poſtively electriſied to the other.. 6 oh a 762 


Exe. 1. Let a plate of glaſs, coated with tin lol rake about _ inch from the by: 
be charged, as deſcribed Prop. XV. Exp. 6. Upon OR IANS: ns 
fide to the other by the diſcharging rod, eee een pet ud vii 

2. Let che fame be done with the Leyden Phial. ow 41, e 967 iiur 

3. Charge a jar coated” on the inſide with water, mot, or braſs Gaſt, aud held on — 
outhide by the hand, then diſcharge it in a dark room. cap 


ws eee eee metallic od. 


from the conduQor parallel to the horizon, and the other, ſupported by a conductor, is placed 


parallel and oppoſite to the firſt, be electrified ; . . of air between them will be 


charged by the braſs plates. 


23. Let E WE NO e 


by taking ſparks from the conductor; the lower uninſulated jar will WOT ON 72550 


e e ee e ee, een eee jr. 5 
TY "Diſcharge, in a dark room, a jar imperiectiy coated. bas Vos 1 | 15 


Cos. t. A coated jar cannot be charged unleſs its outer hurface e e with "LY 
conductor. ee ee ene e n 


ere ee eng er ü ee n ye; ik 5 48g F 


Con. 2. When a coated glaſs veſſel | is enges, the charge of eleQtie aua is in the 
glas, and not in the coating. mY aa in 19 i 

Exr. Lay a plate of glaſs between two metallic "ES; as "Ueferibed Prop. XV. Exp. 6. 
Having charged the plate of glaſs, remove the upper plate, of metal by a glaſs handle, with 


| ome non-conduQing ſubſtance, as ſilk ; remove the electriſied glaſs plate, and place it be- 
tween two other plates In Anger! PR; nf coed enen ology 


nette 20692 ha VCF 


Senor. Tue Uiſcharge of a plate of glaſs, Ley: en Phisll Kc. is made . the 
equilibrium which was deſtroyed by the charging; and it is effected by forming a comma- 


nication between the overloaded and the exhauſted ſide; and if the communication be made 


by metal, or other good conductors, the equilibrium will be reſtored with violence, the 


redundant 8 eee 
2 28:5 FO AR UE IE . e n 333 30 o £1254 tz . en nication 
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nication to the exhauſted- ſide, and S lerde piece will be made, W the dach of clec- 
tric light pal be very viſible, Abs the report | will be very. loud. a 


PROP. XVII. "If the conductor be cledrified Gs 5 fide 


of the jar with which it has a communication LON 195 e * 
tively, the other; negatively. 1 | 


Exp. 1. e one jar on 8 inſide oßtively, and aer e ou e in 
a dark room, the different appearances of the fluid, upon the point of a wire brought near to 


the ball which is connected with the inner fide of each jar: when the point i preſented to the 


jar politively electriflied on the inner ſide, it will exhibic the Appearance of a \ frar; when _ow- 


n that of a pencil. 


Obſerve the different appearances, in a dark room, when with the ſame N | 
i point is preſented towards the ſide {wanted and towards the fide negatively, electrified. ; 


4 Between two jars, charged one negatively and the other politively, ſuſpend. by a 
ſilken ſtring a cork ball, from which ſhort threads hang freely ; the ball will paſs with 


a rapid motion from one to the other, and, being firſt attracted towards the jar poſitively 


electrified, then towards the other, it will receive the fluid from the former, and com- 
minicate it to the latter, till both are difcharged. If both be _— in en ſame BR; 


the cork will remain at reſt. 


4. If, after a jar is charged, the uncoated part of the jar be moiſtened PROPOS 7 
by ſteam, the jar placed upon a conductor will be gradually diſcharged, and the fluid will be 
ſeen, in a dark room, to flaſh ſtrongly from one ſide to the other: if Os La b OO. 


the flaſhes will be greateſt on the fide poſitively electrified. 


5. Let a diſcharging rod be applied without its balls to a charged j jar, in hci manner as 
to diſcharge the jar gradually: the point which approaches towards the 12 07 3 a 
fied, will, in a dark room, exhibit a tar ; the other point, a pencil. | 


6. Within the receiver of an air-pump. place two well poliſhed, braſs balls, the Wiper | 


| ſupported on a braſs ſtem by the plate of the pump, .the other fixed on, a ſtem. which is 
moveable in the neck of the receiver: let the balls be brought within the diſtance of 
four or five inches from one another ; then let the upper ball be connected with the con- 


ductor, and electriſied poſitively: a lucid atmoſphere will, in a dark room, appear on the 


lower ſurface of the upper ball: whereas if the upper ball be negatively e the lucid 


atmoſphere will be ſeen on the lower ball. 


© x IS. ® 2 ; 4 £4 * s 8 
3 ern 9 NC 5 4 25 


Scrot. The laſt experiment eſtabliſhes the SHIRE of a frogle elefric fuid: for if thts 70 


were two contrary fluids, there muſt in this experiment be an Ra nes thn Ty 
attracting each other. FE 80: 


pn; 55 | | PROP. 7 
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PROP. XIX. The electric fluid can be conveyed through an inſulated 


conductor of any length, and its paſſage from one fide of a charged jar 


to the other, is apparently inſtantaneous, through whatever, length of a a 
metallic, or other good conductor, it is conveyed. . 


Exe. 1. Let a long wire, pang round a room, ſuſpended, by filk cords be a part of he 
circuit of communication from one ſide of a charged jar to the other, the diſcharge will be 
apparently at the fame inflant in which the ORIENT or” one happy Re is 


completed. abe o1 
. n of perſons des of the circuit of communication; the Avid 
will paſs inſtantaneouſly through the whole circuit. „ . 


Scnhor. The ſhock of the Leyden jar has been cranſwitted OR of bend 
miles in length, without taking any ſenſible ſpace of time, Dr. Prieſtley relates ſeveral 


curious experiments made with a view of aſcertaining this point n _ the cr oh of 
the Leyden Phial. See Prieftley's Hiſt. of Elect. | 


PROP. XX. Th ſudden diſcharge of a bees Jar phe a painful 
ſenſation to. any animal placed in the circuit of ee eee, called 


the electric ſhock. : ; 4; 6-1 


The diſcovery of the effects of elekrrieity — by the Leyden jar, immediately 
raiſed the attention of all the philoſophers in Europe. The account which ſome of them 
gave of the experiments to their friends, border very much on the ludicrous. M. 
Muſchenbroek, who tried the experiment with a glaſs bowl, told M. Reaumur, in a letter 
written ſoon after the experiment, that he felt himſelf ſtruck in his arms, ſhoulder, and 
breaſt, ſo that he loſt his breath; and was two days before he recovered from the effects of 
the blow and the terror. He added, that he would not take a ſecond ſhock for the whole 
kingdom of France. | | 
MM. Allamand, who made the experiment with a common beer glaſs, faid, that he loſt 
his breath for ſome moments, and then felt ſuch an intenſe pain all along his right arm, 
that he was apprehenſive of bad conſequences; but it deu went Wan Homo 
venience. 

Notwithſtanding the parade made by theſe philoſophers, the ſhock was probably, not, by 
any means, ftronger than what many children of 6 or 7 years old would bear without the 


ſmalleſt heſitation. . have ariſen 3 e ee 


” 


marvellous. . 575 
| Con, The fore ofthe ld ſhack may be ben by beet the arc of 


To 
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, Exp, 1. A battery being Charged, a fine metallic wire brought ing the circuit will be 
melted. + 

2. If enen of: ated e of the rods of the diſcharger, iden 
the other a needle with the point oppoſite to the ſurface of the metal, upon diſcharging the 
battery, the ſurface of the piece of metal will be marked-with n Gang, n 
thin laminæ of metal raiſed in the exploſion. | 


Sos een leaf 9 two pieces of glatt and the whole faſt bound | 


4. 17 a | ſhock be ſent 2 Fl PR it will give it magnetic pebbles: 
BY An animal, or plant, may be killed by being placed in the circuit of a battery. 


rap nei 23 * not thoroughly converſant in electricity, ſnould be very cautious in 
uſing large batteries; they ſhould be ſure that they are perfect maſters of a ſmall force, before 
they meddle with a greater. Such a force of electricity as may be accumulated in batteries 
is not to be trifled with, ſince the conſequences, if not fatal, may be great and laſting. A 
large ſhock, taken throu gh the arms and breaſt, which an operator is moſt in danger of 
repens might roma injure the lungs, or ſome other vital part : and if the ſhock 'were 


La 2% 


* 11. If ag circuit be b the Auid will en 
viſible, and where it pales, 1. in leave an e 1 wok inter- 


mediate body. 


_ Exp, 1. Let the fluid paſs through a chain, « or through any metallic bodies * "> 
mall diſtances from each other; the fluid, in a dark room, will be viſible between the links | 
of the chain, or between, the metallic bodies. . 

2. If the circuit be interrupted by ſeveral folds. 33 a 1 will be mae 
through it, and each of the leaves will be protruded by the ſtroke from the middle n te. 
outward leaves. 

2. Leta tard be pluck under wires which form * circuit, where the circuit is inter- 
rupted for the ſpace of an inch: the card wil be diſcolquted. If one of the wires be "yy 
under the card, and the other above it, the direction of the fluid may be ſeen. 

4. Spirits of wine, or gun- powder, being made oo. * the ny 229 be ont” 


E Inflammable air " may be fred hed an n gun. 


oh 5 


PROP. XXII. The eg is eg igel. ſometimes raue 5 


and ſometiraes ebert, 5 — ³ĩi—2 


7 
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cauſes haye the ſame power of making iron magnetic, Lightning has been known to ſtrike 


OF ELECTRICITY. Book vrr. 
Exr. Let a kite be ſent up into the air with cord (conſiſting of copper thread twiſted 
with twine); let the lower end of the cord be inſulated by a ſilk line: a metallic conductor 
ſuſpended from the lower end of the cord will be poſitively or negatively electrified. The air 
at ſome diſtance from houſes, trees, maſts of ſhips, &c. is generally electrified poſitively ; parti- 
cularly in froſty, clear, or foggy weather. For the particular conſtruction of the electrical 
kite, and other inſtruments uſed with it, ſee Cavallo's Elect. Vol. 11. chap. 1. 


Scholl. The following general laws have been deduced by Mr. Cavallo, from a great 
number of experiments made during two years in almoſt ud degree of the atmoſphere, 


from 15˙. to 802. of Fahrenheit's thermometer. 


I. The air appears to be electrified at all times; its eleftricity is conſtantly poſitive, and 
much ſtronger in froſty than in warm weather; but it is by no means leis in the night than 
in the day-time. 

II. The preſence of the clouds generally leſſens the electricity of the kite. 

II. When it , the electricity of the kite is generally negative, and very ſeldom 
poſitive. w | 

IV. - The aurora havealls 3 not to affect the electricity of the kite. 8 
V. The electrical ſpark, taken from the ſtring of the kite, n 


duQor connected with it, eſpecially if it does not rain, is very ſeldom longer than 4 of an 


inch, but it is exceedingly pungent. When the index of the electrometer is not higher 
than 205. the perſon that takes ſpark will feel the effect of it in his legs; it appearing more 
like the diſcharge of an electric jar, than the ſpark taken from a prime conductor. 

VI. The electricity of the kite is in general ſtronger or weaker, according as the ftring 
is longer or ſhorter ; but it does not keep any exact proportion to it. The electricity, for 


' inſtance, brought down by a ſtring of a hundred yards, may raiſe the index of the electro- 


meter to 20. when with double that length of r He WI WIN 


go higher than 259. 

VII. When the weather is damp, and the electricity is pretty ſtrong, the index of the 
electrometer, after taking a ſpark from the ſtring, or preſenting the knob of a coated phial 
to it, riſes ſurpriſingly quick to its uſual rf I Non” 


ingly flow... 
PROP. XXIN. The cleric mud and lightning are the Show fub- 


ſtance. 


| Their properties and effefts are the ſame. Flaſhes of lightning are generally ſeen to form 
irregular lines in the air; the electric ſpark when ſtrong, has the fame appearance. Light- 
ning firikes the higheſt and moſt pointed objects; takes in its courſe the beſt conduẽtors; ſets 


| fire to bodies ; ſometimes difſolves metals; rends to pieces ſome bodies; deſtroys animal life; 


in all which it agrees (as has been ſhewn) with the phenomena of electric fluid both 
men. 
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men with blindneſs. Di. Franklin produced a ſimilar effect on a pigeon by the electrical 


fluid. Laſtly, the lightning being brought from the clouds to an electrical _ by 2 


kite or wire, will exhibit all the appearances of the electric fluid. 


Exe. Take a 3 phial, 5 inches in diameter, and 13 inches in height; on the inſi | 


let the coating riſe till its upper edge be 24 inches from the rim of the veſſel; on the outſide 
let the coating riſe no higher than 1 inch from the bottom. When the phial is thus coated, 
let it be charged, and a ſpark will paſs from the tin-foil on the outſide to that on the inſide 
but its form will reſemble that of a tree, whoſe trunk will increaſe in magnitude and bril- 
liancy, and conſequently in power, as it approaches the edge, owing to ramifications which 
it collects from all parts of the glaſs. Within two inches of the edge, it becomes one 
body, or ſtream, and along that interval its greateſt force acts. 

When two clouds, or the two correſpondent parts of a cloud, have their equilibrium . 
by a diſcharge, the appearances are exactly ſimilar to thoſe of the preceding experiment. 
Each extremity of the flaſh is formed by a multitude of little ſtreams, which gather into one 
body, whoſe power is undivided i in that interval only which PI the poſitive from the 


negative. 
P PROP. XXIV. Buildings may be ſecured from the effects 20 5" 
ning, by fixing a pointed i iron rod higher than any part of the byilding, 


and moms, it, | without interruption, to th . or Ng ern 
water. 


The cledrie flu Auid will, an means of the mens wh ie „ oak 


OT EE AASA 6 
exploſion. 5 / 
Exp. Let a board, ſhaped lis the Pi ad of 5 Keck ts ek 


an horizontal board: in the perpendicular board let a hole be made, about an inch ſquare 


and 4 inch deep; in this hole let a piece of wood nearly of the fame dimenſions be fo inſerted 
as to fall eaſily out of its place, and let a wire be faſtened diagonally to this ſquare piece of 
wood ; let another wire, terminated by a braſs ball, be faſtened to the perpendicular board, 


with its ball above the board, and its lower end in contact with the diagonal wire in the” 


ſquare piece of wood; let the communication be continued. by a wire to the bottom of the 
perpendicular board. If the wires in this ſtate be made part of a circuit of communication, 

on diſcharging the jar the ſquare piece of wood will not be diſplaced ; but if the communi- 
cation be interrupted by changing the direction of the diagonal wires the ſquare Pn of 
wood will, upon the difcharge, be driven out of its place. 


If inſtead of the upper braſs ball, a pointed wire be placed above the pe * 45 i board; . 


A winde cxplaten, a. 23-115 ro oe + let A 


- 
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Senor. The following directions are given by Earl Stanhope, to OY ereQting con- 
ductors for lightning: 


(.) The rods muſt be made of ſuch ſubſtances as are, in their nature, the beſt conductors. 


of electricity. 2 
(2.) The rods muſt be uninterrupted, and perfectly continuous. | 7 
(3-) They mult be of ſufficient thickneſs. 

(4.) They muſt be * connected with the common Kock, that is, the earth, or 


neareſt water. 


(5.) The upper extremity of the rods muſt be nel rpered, and as acutely pointed as 
poſſible, 
(6.) The rods muſt be very prominent, and Fe feet dove the chimneys. . 
(7+) Each rod muſt be carried in the ſhorteſt convenient direction from its upper end to 


Shs mm Sock, 


(8.) There ſhould be no prominent bodies of metal on the top of the building propoſed to 
3 but ſuch as are connected with the conductor by ſome proper metallic commu- 


nication. 
(9.) There ſhould be a ſufficient number of ſubſtantially erected high and pointed rods. 


See Principles of Electricity,“ by Charles Viſcount Mahon, now Earl Stanhope. To the 
fame work, the reader muſt be referred for an account of a diſcovery made by his lordſhip in the 
ſcience of electricity, which he denominated the © returning firoke,” by which, he aſſerts, 


that perſons may be killed, and other vaſt miſchief enſue by lightnings at the diſtance of 
ſeveral miles from the flaſh.” It is proper alſo to obſerve, that ſeveral reſpeQable electricians, 
though, willing to admit the fact as diſcovered by Earl Stanhope, yet do not ſeem to think 
that the danger attending the returning ſtroke can ever be great or formidable. See Cavallos 
Electr. Vol. 11. and 111. Morgan's Lectures on Elect. Vol. 11. Dr. Hutton's Dict. Art. 


| Returning Stroke. 


PROP. XXV. The electric fluid paſſes eaſily ee : Vacuum. 
The air being a non- conductor, in proportion as it is removed, the effort of the electric 


ſuid on the ſurface of the body poſitively electrified to paſs fo the next conductor, meets | 
with-leſs reſiſtance, and therefore is diffuſed over a greater ſpace. 


Exe. 1. Let a jar be charged in vacuo. 
2. Lat» e be lace in th ci, and dr th aud aig 


| through it. 


3- tan bet din Biiatce » phink 


4- Make a vacuum in a double barometer, and" Jet the fluid paſs from one leg to the 


other by connecting one of the veſſels of mercury with the conductor. 
| 5 . < The 
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5. The electric fluid may be made to paſs through a large tube three feet in length, and: 
four or five inches in diameter, if, being well exhauſted, one end of it be connected with a. 


large conduQor,—The preceding, experiments are to be rigor om in a dark room. 


ScxoL. 1. From the reſemblance between theſe electrical appearances, _ the + Wh 


rical phenomena of the Aurora Borealis, meteors, &e. it is inferred, that theſe phenomena 
are produced by the electric fluid. | 


Scyor. 2. The ſucceſs of the foregoing experiments depends, it is highly-probable, upon 


che air in the jar, tube, &c. being tarefied: in a. high degree; for Mr. W. Morgan, a'gen- 


tleman deeply ſkilled in calculations and political arithmetic, has mee vacuum 


is abſolutely impermeable to the electric fluid. See Phil, Trat Vol. Lxxv. 


PROP. XXVI. Some fiſhes have the property of giving. wel ana 


ogous to thoſe of artificial electricity; namely, the 7 "OM the Gymnotus: 


. clectricus: ; and the Silurus eleftricus. 


17 (th eirpeito; whilſt Aid: wee er et e but not — be touched | 


with one hand, it generally communicates' a trembling motion or flight ſhock to the hand.. 

f the torpedo be touched with both hands, at the fame time, one hand being applied to its 
under, and the other to its upper ſurface, a ſhock will be received exactly like that occafioned* 
dy the Leyden Phiak When the hands touch the fiſh on the oppoſite ſurfaces, and juſt over 
the electric organs, then the ſhock is the ſtrongeſt ; but no ſhock is felt, if both hands are 
placed upon the electric organs of the fame ſurface; which ſhews that the upper and lower 
ſurfaces of the electrie organs are in oppoſite ſtates of 5 nn to the ** 
minus ſides of a Leyden Phial. 


The ſhock given by nb e in oo bee font woe 8 : 


water; and when the animal is touched on both ſurfaces by the ſame hand;.the thumb being 


applied to one ſurface, and the middle finger to the oppoſite, the ſhock i is _ much ironger | 


than. when the circuit is formed by both hands. 


This power of the torpedo is conducted by the ſame ſubſtances which Pe electricity 
and is interrupted by thoſe ſubſtances which are non· conductors of electricity. A circuit 


may be made of ſeyeral perſons joining hands, and the ſhock will be felt by them all at the 
fame time; but the ſhock, will. not paſs through the leaft interruption of. continuity, not even 
the diſtance of the two hundredth part. of an inch. _ CY 

No elective attraction or repulſion could be ever oietved to be produced by the torpedo, 
nor, indeed, a Song the eleftric —_— Ten of e ee e 


will of the animal. 


The gymnotus in or © eleQrical eel, poſſeſſes all the deckte properties of the tor- 


pedo, but in a ſuperior degree, When ſmall fiſh are put into the water wherein the gym- 
; 1 0 5 | a | | 3 8 | 
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notus is kept, they are generally ſtunned or killed by the ſhock, and then they are ſwal. 
lowed, if the animal be hungry. | 

The ſtrongeſt ſhock of the gymnotus will paſs a very ſhort interruption of continuity in 
the circuit. When the interruption is formed by the inciſion made by a pen-knife on a flip 
of tin-foil that is paſted on glaſs, and that ſlip is put into the circuit, the ſhock, in paſſing 
through that interruption, will ſhew a ſmall but vivid _ plainly to be ſeen in a _— 
room. 

The gymnotus ſcems alſo to be poſſeſſed of a ſort of new ſenſe, by which he knows whether 
the bodies preſented to him are conductors or not. This fact was aſcertained by a great 
number of experiments made by Mr. Walſh. 

The filurus electricus is known to have the power of giving the ſhock, but we have: 4 
very imperfe& account of its properties. | 

A fourth electrical fiſh was found on the coaſt of Johanna, one of the Comoro iſlands, in 
lat. 129. 13“, ſouth, by WILLIAM PATERSON ; _ an e it was publiſhed i in the 
76th vol. of the Phil. Tranſ. | 


Schori. When dlefricity is ſtrongly NS be EUR bodies, the 
pulſe is quickened, and perſpiration increaſed ; and if they receive, or part with their elec- 
tricity on a ſudden, a painful ſenſation is felt at the place of communication. But what is 
more extraordinary is, that the influence of the brain and nerves upon the mulcles ſeems to 
be of an elective nature. 

We are indebted for this diſcovery to M. Galvini, a learned Italian, who has denominated 
that part of ſcience, ANIMAL ELECTRICITY. We ſhall, witheut pretending to enter at 
large on the ſubject, give the reſult of the principal obſervations hitherto * together 
with three or four illuſtrative experiments. 


+ Ho eee eee, nt anda ee ne ee 
of tin-foil, if a communication be formed between the nerve thus armed, and any of the 
ee ee eee e e eee e eee 
the limb. : 

2. If d gratis ·‚;nꝛDJmn ee e 
will be produced as powerfully, by forming the communication between the armed and bare 
part of the nerve, as between the armed part and muſcle. : 

3. A ſimilar effect is produced by arming a nerve, and ſimply in the armed part 
of the nerve with the metallic conductor. 


4. Contractions will take place it a muſcle be armed, and a conmanication be formed 
by means of the conductor between it and a neighbouring nerve. The fame effect will be 
produced if the communication be ſormed 8 the 1 muſcle and . 
W n | | | | 


5. — 
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5. Contractions may be n in the limb of an animal by bringing . 
metal into contact with each other at ſome diſtance from the limb, provided the 1 make 
part of a line of communication between the two metallic conductors. | 


6. Contractions can be produced in the amputated leg of a frog, by benin it into 3 ; 


and bringing the two metals into contact with each other at a ſmall diſtance from the limb. 


7 The influence which has paſſed through, and excited I one . may 


be made to paſs through, and excite contractions in, another limb. 


8. The heart is the * 8 muſcle in which contractions can be excited by 


_ theſe experiments. 
Di D Ae e frongly the farther the conn is placed from the 
* of the nerve. 


; Animal which were almoſt ea have ben ſous tobe cndertly rnd by | 


— this influence. 


11. When theſe experiments are repeated upon an animal that has 1560 killed by opium, 
or by the electric ſhock, very flight contractions are produced; and no contractions whatever 


will take place in an animal nary has been killed my corroſive een or nenen | 


ſtarved to death. 


12. Zinc appears t to be the beſt exciter when applied tg gold, filver, molybdens, ſteel, 
or copper. The latter metals, however, excite but feeble contractions when applied to each 


other. Next to zinc, in contact e tin and lead, and t r 
. to be the moſt powerful exciters. | | ; 


Exe. I. Place the limb of an animal, 1 for inſkance, upon a table; hold with one 


hand the principal nerve previouſly laid bare, and in the other hold a piece of zinc ; let a ſmall 
plate of lead or ſilver be then laid upon the table, at ſome diſtance from the. limb, and a 
communication be formed, by means of water, between the limb and the part of the table 


where the metal is lying. If now, the ſilver be touched with the zinc, contractions will 
be produced in the limb the moment that the metals come into contact with each other. The, 


ſame effe& will be produced, if the two pieces of metal be previouſly placed in contact, and 
the operator touch one of them with his finger. „5 


2. Laus eee e el » fag bi e Kean etl 


and its foot be folded in a piece of ſilver; let a perſon lift up the nerve of this limb with 
| a ſilver probe, and another perſon; hold in his hand a piece of zinc, with which he js to 
touch the ſilver including the foot; let the perſon holding the zinc in one hand, catch with 


the other the nerve of the ſecond limb, and he who touches the nerve of the firſt limb, is 
to hold in the other hand the foot of the ſecond ; let the zinc now be applied to the filver, 


nn the firſt, e e e enen 


5 3. Take 
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3. Take a living flounder, lay it flat in a pewter plate, or upon a ſheet of tin-foil, and 
put a piece of filver, as a ſhilling, or a half crown, upon the fiſh. Then by means of a 
piece of metal, complete the communication between the pewter-plate, or tin-foil, and the 
filver piece, on doing which the animal will give evident tokens of being affected. 


4. Let a perſon lay a piece of zinc upon his tongue, and a half crown, or other ſilver, 
under it; on forming a communication between thoſe two metals, by bringing their two 
edges into contact, he will perceive a peculiar ſenſation, a kind of cool ſub- acid taſte, not 
exactly like, and yet not much different from that produced by artificial electricity. Sec 


Cavallo's Elect. Vol. 111. 8 


Schorf. 2. Electricity has been adminiſtered for various diſcaſes. Mr. Cavallo has 
taken great pains in aſcertaining the caſes in which electricity has been ſucceſsfully applied. 
We are informed by that gentleman, that rheumatic diſorders, even of long ſtanding, are 
relieved, and generally quite cured. Deafneſs, the tooth-ach, ſwellings in general, inflam- 
mations of every ſort, palſies, ulcers, cutaneous eruptions, the St. Vitus' dance, ſcrophulous 
tumours, . cancers, abſceſſes, nervous head-achs, the dropſy, gout, agues, and obſtruct ions, 


haue all been conſiderably relieved, and in many inſtances perfectly cured, by the application 
of electriciiy. A full account of the method of adminiſtering electricity in the caſes above 


mentioned, with an accurate deſcription of the inſtruments . may be ſeen in the 20 Vol. | 
of Cavallo's Complete Treatiſe of Electricity. 


"PROP. XXVII. There is a conſiderable analogy. and difference be- 
tween magnetiſm and electricity. | 


The power of electricity is of two ſorts, poſitive and negative; bodies poſſeſſed of ths” 
fame fort of electricity, repel each other, and thoſe poſſeſſed of different ſorts attract each 
other. In magnetiſm, every magnet has two poles; poles. of the m name repel wer 


other, and the contrary poles attra& each other. 
In electricity, when a body in its natural ſtate is brought near to one e electrifed, it ac- 


quires a contrary electricity, and becomes attracted by it. In magnetiſm, when a ferru- 


- ginous ſubſtance is brought near to one BIOS of a inagnet, it acquires a _ coat] 


and becomes attracted by it. 

One ſort of clefricity cannot be produced 5 cl. In like e no body can have 
only one magnetic pole, 

The electric virtue may be . by ten, but it exlily 3 non-eleQics,. 
The magnetic virtue is n by ferruginous bodies, but it Ae pervades ather 


bodies. 
Quite) contre; 66 differs ee in chat i de not affect 


the ſenſes with light, ſmell, taſte, or noiſe, as the electric does. | 
| Magnets 


ob vii. OF ELECFTRICEET. 
Magnets attract only iron, whereas the electric power attracts bodies of every ſort. | 
The electric virtue reſides on the ſurface of electrified bodies, but the magnetic is internal; 
A magnet loſes nothing of its power by magnifying other bodies, but an electriſied body 
loſes part of its electricity by electrifying other bodies. See Cavallo's Magnetiſm, Part 11. 
Chap. 11. . | | 7 ' 
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Oo VIII. 


Of the FACTITIOUS AIRS, and the FIRST PrINcteLEs 


of CHEMISTRY. 


CHAP. I. 


Of CuEmIcar ATTRACTIONS. 


Dep. I. HEMISTRY is that ſcience by means of which are 


aſcertained the nature and properties of bodies. 


The methods of obtaining this knowledge are analyſis and /ynthe/is : but there being no | 


criteria by which we can diſtinguiſh the primary elements, ee e 


inſtance, of a complete analyſis. 


Dee. II. That power which tends continually to ning ple: | 


together which are diſunited, and which retains with more or leſs energy, 
thoſe which are already in a ſtate of In, is called the attraction 


of affinity. 


It A addi any eee interrupting or modifing thi 


IE power. 


Dee. III. Affinity of aggregation is that which exiſts between two 


principles of the fame nature. 


» 


Tuo drops of water which come together form an aggregate. Each drop may be eile 


an integrant part. 


| An aggregate differs from a heap, becauſe the integrant parts of the latter have no per- 
ceptible!adhefion to each other, as a heap of ſand, corn, &c. They both differ from a 


| The 


mixture, the conſtituent parts of which are of a different nature, as gunpowder. 
* | 


cnA P. 1. OF CHEMICAL ATTRACTIONS. 


The affinity of aggregation is froages,/ the nearer the parts approach als irt ne 
quently whatever tends to ſeparate theſe parts diminiſhes their affinity. This effect is pro- 
duced by heat; thus, melted metals have no conſiſtence. Hence the matter of _ mow! 


is called by chemiſts, caloric, produces an effect oppoſite to attraction. 


There are four kinds of aggregates, ariſing from the different degrees of ſeeks of this 5 


attraction, acting between. the conſtituent principles of . bodies ;—theſe are the hard ;— 


the ſoft ;—the fluid ;—and the aeriform aggregates; and of t thats there are een eee ; 


meme ee 


Der. IV. When the very minute parts of _ fob unite 3 
thoſe of another, ſo intimately as to form a body which has properties 
different from thoſe of either of them, the union is called the attraction 
of compoſition. The parts into which a body is divided _ decompoſi- | 


tion, are called component parts, or principles. | $ 


Sand and falt a tre expo to ron heat combine, and om x compound called 


glaſs. 


poſition exhibits invariable laws in all the phenomena it cauſes. 


7. It aQs only between the confliment pants; of hikes... we tal 
other do not unite ; but, if they be divided and mixed, a combination may ariſe. Let ſome 


common ſalt be triturated with litharge : or ſome ſal ammoniac with lime. The energy of 
the affinity of compoſition is always proportioned to the degree of the diviſion of bodies. 


2. The affinity of compoſition is in the inverſe ratio of that of aggregation. The 


difficulty of decompoſing a body is greater in the proportion as its conſtituent principles are 
united by a greater force. Gaſes and vapours tend to combination, becauſe their aggregation 
is weak : and nature, which is conſtantly renewing the productions of this globe, never 
combines ſolid with ſolid ; but by reducing every thing into the form of gas, breaks the 
impediments of aggregation, and theſe gaſes uniting form ſolids in their turn. 155 

3. This attraction takes place between bodies of a diſſimilar nature. The more diflimilar 
they are, the greater is the force with. which they, combine. The intimate combination of 
acids and ak : of acids and metals ; ; 15 alkalis and "mm are in proof of this. It was 


formerly 


5 "As ix is 604 Intended 16 lege me the prinelfilnied 0 it win be fufficient in this place briefly 


to explain the nature and ODE of alkalir and ene which are "we PO moſt REO 4 in chemical 


experiments. 


Firſt, Oy AzzAr1s.—lt is 3 to call every ſubſtance an alkali which is charaterifed by all the following N 


properties. (1) An acrid N urinous taſte. (2) The property of turning ſyrup of violets green. (43) The 
Tee , virtue 


* 


LI : "be ; 
$48 » > % 


Bodies of different kinds exert a tendency, or attraction upon each other, by virtue of 
which all the changes of compoſition and decompoſition are effected. The n of com 
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OF 


| een rw Se ſubject to this mutual 


artractionʒ and on this error the term affinity was founded. 
Ke ee Fey, note ers er, combine in conſequence ofthis 
| | . | 5. One 


3 with flinty ſubſtances. (4) The faculty of rendering oils miſcible with water j— 
' of efferveſcing with certain acids ;—and of forming neutral ſalts with all of them. 


Alkalis are divided into the fixed and volatile. This diſtinction is eftabliſhed upon the ſmell of theſe ſubſtances : 
the former are not volatized by any heat, and emit no characteriſtic ſmell ; but the latter are eaſily reduced to 
vapour, and emit a very penetrating odour. 

Fixed alkalis are of two kinds, the one is called egal alkali, or pot-aſh z the other mineral alkali, or ſoda. 

1. Vegetable alkali may be extracted from various ſubſtances ; as (1) from the lixivium of wood-aſhes, which 
is obtained by waſhing the aſhes, and concentrating the diſſolution in iron boilers. Hence wood- aſhes are employed 
by laundreſſes and bleachers ; the uſe of which is, that the alkali may combine with the fat ſubſtances, and render 
chem ſoluble in water. (2) The lecs of wine are almoſt totally converted into very pure alkali by combuſtion. 
(3) The combuſtion of tartar of wine likewiſe affords an alkali of conſiderable purity, and is known by the name 
of ſalt of tartar, which is commonly employed in medical uſes,—Vegetable alkali attraQts the humidity of the air, 


and is thus reſolved into a liquor. 


2. Mineral alkali is fo called, becauſe it forms the baſis of marine alt: and it is obtained from marine plants 
by combuſtion. It differs from the vegetable becauſe (1) it is leſs cauſtic. (2) It does not attract the humidity 
of the air, but effloreſces in it. (3) It cryſtallizes in rhomboidal oftahedrons. (4) It forms different products 
with the fame baſes. (5) It is more proper for vitrification. Fixed alkatis eafily combine with ſulphur ; either by 
OE Sr ee parts Gf eo PIs ry ng as gets tel upon ſulphur ; theſe ſolutions arc 
called livers of ſulphur. 

Volatile alkali is chiefly obtained from the diftllation of all the parts of animal ſubſtances. Horns are employed 
in preference, becauſe they are reſolved almoſt entirely into oil and volatile alkali, The putrefaQtion of all animal 
ſubſtances likewiſe produtes volatile alkali. 

Volatile alkali is known by its ſtrong p=netrating ſmell. It is cafily reducible into the ſtate of gas, and preſerves 
this form at the temperature of the atmoſphere. FTF 
lime, and receiving the product over mercury. 

(1) Alkaline gas kills animals, and ede the m. (2) It i improper for combuſtion (3) It is lighter than 
atmoſpheric air. 

Secondly. Or Ac1ps.—Subſtances either in a liquid or concrete form, which have a ſour taſte, are called acids. 
They are extrafled from various bodies, mineral, vegetable, and animal; on which account they are diſtinguiſhed 
into-mineral, vegetable, and animal acids. Thoſe of the firſt claſs are, the vitriolic, nitrous, and marine acids. 
The principal vegetable acids are the acetous, the vincus, the effential acid of vegetables, and that obtained from 
oils and reſins. JJV 
of healthy and diſeaſed ſtomachs. 

The properties which belong to all acids in 3 by which they are diſtinguiſhed. from the other claſſes of 
bodies are, (1) they have a great affinity to water, with which they ſo eaſily combine, that moſt of them appear 
in a liquid form, on account of the water mixed with them. (2) They may be combined with ſpirits of wine. 
(3) With abſorbent earths. (4) With alkalis. (5) With metallic ſubſtances; but every metal will not combine 
with every acid indiſcriminately. (6) When they are much coneentrated they may be combined with oils, 

The following are principal effects arifing from theſe combinations. (1) When concentrated acids are *properly 
mixed with pounded ice, or ſnow, they produce cold. (2) They diſſolve ſolid animal ſubſtances. (3) They 


coagulate moſt of the animal fluids, (4) They change the blue vegetable colours to red, ſuch” as the colour of 
; | | turnſole, 


* 


char. I. OF CHEMICAL ATTRACTIONS: 


5! One of the ſubſtances that are to enter into combination, at leaſ, muſt be in a fu 
ſtate. 

A ſolid is diflolved in d Liquid, which . 4s confoquence of = mutial 
auen en Uquil un bach Adab Witwer de see ld ad the parts of the liquid. 

6. The compound which reſults from the combination of two or more bodies, is of a di. 
ferent temperature from thoſe of ny which fact cas een be diſcovered 
by means only of the thermometer. 

7. Two or more bodies united, „ enrtini  hs 
compound, r UNA Mo EN I 


previouſly to their union. 


"Ti eee form a 3 | 


or that differs materially in quality and degree from thoſe which the bodies ſeparately 
poſſeſſed. Others inconſiderably ſapid form a compound that is highly corroſive. 


In conſequence of chemical combination, the forms of bodies are affected. Bodies which | 


. AR On TE win ao OE 
Aber. Others vice verſa. 

Ts dne end un dn S afiiebtied | Thus exo fluids, in conſequence of 
chemical combination, appear under a ſolid form. 2 

In the compound, — . ̃ Bilinbnt Sam iaharal os Wan | 
dients. ‚— Roy's IE 
ſcent. Others vice verſa. 

Their diſpoſition to fuſibility is altered. Thus bodies which do nes ate eafity'of fuſion, 
become, in a ane "of chanical conbinntien; exe Regs. eee 129. 
Art. lead, biſmuth, and tin. © 

8. The aration of compoſition i cue by che ue with which a combination, 


formed between the two bodies, is deſtroyed, 
9. Every ſubſtance has its peculiar affinities with 1 various other ſubſtances 3 


to it.—If all bodies had the fame degree of affinity with each other, no chtange could take 
place amongſt then z we ſhould not be able to diſplace any principle by preſenting one body 


to another. It is in conſequence of this difference in the affinities that all chemical decom- 


poſitions are effected: all the operations of nature and art are founded upon it. Hence ariſe 
the terms /imple affinity; dauble affinity, &c. (1) Two principles united, and then ſepa- 
rated by means of a third, afford an example of ſimple affinity : it conſiſts in diſplacing one 


principle by the addition of a third. The body diſengaged is called the precipitate ebe 5 


ſubſtance uſed to ſeparate the compound, is called the precipitant. An alkali precipitates 
metals from their ſolutions. Sometimes the new compound itſelf is precipitated, as when 


turnſole, ſyrup of violets, c. which are uſed to aſcertain the preſence of acids; excepting the vitriolic acid, 


which deſtroys theſe colours. (5) They refiſt fermentation. (6) They require a greater degree of cold than water, 


to freeze them. (7) When they are combined with n of the above mentioned W GE czaſtic 


fluids are pee | . : 
5 | the 


5 5 
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the vitriolic acid: is poured on a ſolution of the muriate of lime. At other times the diſ- 
engaged body, and the new compound, are precipitated together as when Epſom ſalt is diſ- 
ſolved in water, and precipitated by means of lime water. (2) It often happens that the 
compound of two principles cannot be deſtroyed either by a third, or a fourth body ſeparately 
applied: but if theſe two bodies be united, and then brought into contact with the ſame 
compound, a decompoſition will take place. This phænomenon conſtitutes the double 
affinity. Vitriolated tartar is not completely decompoſed by nitric acid, or by lime, when 
either of theſe principles is ſeparately preſented ; but if the nitric acid be combined with 
lime, this nitrate of lime will decompoſe the vitriolated tartar, Here the affinity of the 
the vitriolic acid with the alkali is weakened by its affinity to the lime. (3) There are 
caſes in which two bodies, having no perceptible affinity to each other, obtain a diſpoſition 

to: unite. by the intervention of a third; this is called the affinity of an intermedium An 
alkali is the intermedium of union between oil and water; hence the theory of waſhing, &c. 
10. The phænomena of cryſtallization are reſolvable into this attraction. Bodies put on 
a cryſtalline form, in conſequence of their particles joining together at the proper ſurfaces, 
by means of a tendency which they have to unite in this manner, preferably to any other. 


In order to diſpoſe a ſubſtance to cryſtallization, it is neceſſary to reduce it to the moſt com- 


plete ſtate of diviſion ; which may be effected by ſolution, or by an operation purely mecha- 
nical. Solution may be effected by water, as in the caſe of ſalts; or by fire, as in the 
caſe of metals: e eee ie eee eee ee 
, to convert them into a ſtate of gas. 

Nature and art preſent cryſtals both regular and irregular. 5 5 athins der 
and well formed cryſtals by art, three circumſtances are required, time, ſpace, and repoſe. 


ine cauſes the abundant fluid to be diflipated, and brings the integral parts nearer to each 


other. Space is a neceſſary condition to prevent the operations of nature from being reſtrained. 


A flate of repoſe is neceſſary to obtain very regular forms; without this condition, the cry- 


ftallization obtained will be confuſed and indeterminate. 

A very ſingular property is obſervable in ſalts, which may be referred to cryſtallization, 
but is likewiſe, in ſome meaſure, remote from it, becauſe it does not depend upon the ſame 
cauſes. This is the property of riſing along the fides of the veſſels which contain the ſolu- 
tion. It is known by the name of ſaline vegetation; and depends on the concurrence of 
air and light. ten Neat beſdeurmings; "ac pleaturs,: towards ee een wolf, 
e e I I DONA eee br 
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The principal agent 1 by nature to balance the power of attraction, is — By 
che natural effect of attraction we ſhould poſſeſs none but ſolid and compact bodies: but the 
caloric, unequally diſperſed in bodies, tends to deſtroy this adheſion of particles. Hence the 

various ſubſtances that compoſe this globe are ſubject, on the one hand, to a general law 
which tends to bring them together: and on the other, to a powerful agent which tends to þ. 
remove them from each other: upon the reſpective energy of theſe two forces, the conſiſt- 
ence of all bodies depends. When the attraction prevails, they are in a ſolid ſtate; when 

the caloric is moſt powerful, they are in a ſtate of gas; and the _ form appears to be. 
the point of equilibrium between theſe two powers. ; 

On this ſubject two things are to be conſidered, viz. beat and light. „ 7 

Finsr. Concerning heat, which in common language has 4 double ſignification. It is 
uſed indiſcriminately to expreſs a ſenſation of the mind; and an unknown principle, which 
is the exciting cauſe of that ſenſation, Philoſophers uſe it in the latter ſenſe. The effects 
of heat are known and meaſured” (1) by the peculiar ſenſations which it excites in animals: 
and when conſidered as exciting thoſe ſenſations, it is called ſenſible heat. (2) Heat is 
known by the effect it produces on the thermometer. This is called the temperature of heat 
in bodies. (3) It is found by experiment that, in bodies of different kinds, the quantities 
of. abſolute heat may be unequal, wy the tEmPormtures and A be the ſame. | x 


— * 


-SECT. E . 
in Tas hassen of Hear. 518 ee 


bo Heat gi a bis go WT to diffuſe elf over all bodies, till 
they are brought to the ſame temperature, 505 Ye | Hine PS 


1 it is Fare by an that if wow bodies, of different. 3 meg 
mixed together, or placed contiguous, the heat paſſes from one to the other till their tem- 
peratures become equal; and that all inanimate bodies, when heated, and placed in a cold 
medium, continually loſe heat, till they are brought to the ſtate of the ſurrounding medium. 

I. In homogeneous bodies of eren e e of 2 as * en N 
of matter. . 1 pogo 10 Dies: + 
NAG ; . 1 + "oh Re] % ab 
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2. The temperature of two equal homogeneous bodies, immediately after mixture, is the 
arithmetical mean between their reſpective temperatures previouſly to mixture, 

3. In a mixture of homogeneous bodies of unequal weights, the excels of the hotter 
body is divided between them in the proportion to their quantities of matter. 

This rule does not hold good in heterogeneous bodies. 

Exe. If equal bz/ts of mercury and water be mixed together, and the water be the 
hotter body ; the water, in order to iy about a common temperature, gives out only 4 of 
its exceſs, which raiſes the mercury 5 of the ſame ſum: if mercury be the hotter body, it 
communicates 3 of its excels while the water is raiſed + of that ſum. Hence it follows 
that the heat neceſſary to raiſe a given bulk of water to <a degree of temperature, is to that 
neceſſary to raiſe an equal bulk of mercury to the ſame, in the ratio of 3: J, or of 2: 1, 
And the ſpecific gravity of mercury being to that of water as 14 : 1, it follows, that the 
heat neceſlary to raiſe a given weight of water to a certain temperature, will be to that 
neceſſary to raiſe an equal weight of mercury to the ſame temperature, in the ratio of 28: 1. 
Conſequently, the comparative heat of equal bu/ks of water and weary is as 2: 13 but 


in equal weights, it is as 28: 1. 
Hence we diſcover the quantities of abſolute heat contained in different bodies, which, 


when compared with the abſolute heat of water, as a ſtandard, is called their comparative 
heat. On this principle tables of che comparative heat of bodies are onſtrated. See Dr. 
Crawford's — work on animal heat. c 


| Dex. v. The capacity of a body for heat is its diſpoſition to require, 
or to give out more or leſs heat in undergoing equal changes of tempe- 
The body, therefore, which has the leſs capacity for containing heat, has its temperature 
more increaſed by the addition of a given quantity of abſolute heat than that which has a 


II. The capacity for heat, in any body, is found to vary under the 
different ſtates of aggregation in which it is found. It is leaft in ſolid 


bodies, greater in liquid, and greateſt of all in acriform ſubſtances. 


The capacity for containing heat may continue unchanged while the abſolute heat is varied 
without end. If a pound of ice, be ſuppoſed to retain its ſolid form, the quantity of its 
abſolute heat will be altered by every increaſe or diminution. of its ſenſible heat ; but as long 
GPs Gn, COIN NIL Gie-16 not EE pen en, 
of temperature. | 

When bodies chemically combine, the capacity of the compound is not made up of the 
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8 ECT. H. 
of the AcTiON of Hzar upon Bovizs. , 


* 
-* 


Heat expands bodies according to all their dimenſions. A 
This is known by experiment, to which however there are exceptions, but not ſuch as to 


F 
4. 8 
* 


afford a juſt objection to the general fact; becauſe, in thoſe inſtances, by the action of heat, 
a fluid is extricated that previouſly ſeparated the particles from each other. Bodies are 
expanded leaſt in the ſolid ſtate, more in the liquid ſtate, and moſt in an aeriform one. In 


ſome bodies, as mercury, linſeed oil, and rectified ſpirits, the expanſions, within certain 


limits, are proportional to the quantities of abſolute heat communicated to them: theſe 


limits are near the points of congelation ' and evaporation. Thus the quantity of heat 


required to raiſe a body four degrees in temperature by the mercurial thermometer, is double 


that which is required to raiſe it two e four times of that 15 85 to raiſe it one 
degree, and ſo on in proportion. 


rr ¾ S in all cher dimenſions, . 


the principles upon which thermometers are conſtructed. See p. 128. 


The objections to the univerſality of this law, are, (1) water contracts till it 10 * | 


to within 8. of the freezing point; it then dilates. 'This difficulty may be reſolved by the 


laws of cryſtallization, which will explain the phænomena of the burſting of water-pipes, 


looſe pavements, &c. (2) Caſt iron expands as it cools. This objection is obviated on the 
ſame principle as the laſt, viz. the diſpoſition of its particles to unite, ſo as to give the maſs 


2 certain peculiar configuration. (3) The contraction of clay, upon which depend Mr. 
Wedgewood's thermometers, ariſes from the action of the heat on the moiſture which. is 


expelled, and not upon the particles of the clay themſelves. 


SECT. m. 


of Hear as the Cauſe 25 the ſeveral Changes in the Forins of Bodies. 4 


E Heat is contained i in conſiderable quantities in all bodies, when at | 


the common temperature of the atmoſphere. 


In the year 1780, at Glaſgow, the thermometer fink 25%, below the + Kine of 2 
Fahrenheit's ſcale. In the deſerts of Siberia, during an intenſe froſt, the mercury was found 


congealed in thermometers expoſed tq the atmoſphere, and a quantity of that fluid bed © 
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l placed in a ſimilar ſituation, at the ſame time, became ſolid. Experiments 
made at Hudſon's Bay ſhew that the freezing point of mercury is very nearly 400. below 
the zero of Fahrenheit. Hence it follows, that the atmoſphere in Siberia muſt- have been 
cooled to minus 40%. It is alſo manifeſt, that heat is contained in conſiderable quantities in 


all bodies, e eee eee eee 


II. Heat changes the forms of bodies. 


It converts ſolids into liquids; and liquids into vapours, or into deen y elaſtic 
fluids. The liquid, and vaporous forms of bodies, are brought about in the fame way with 
expanſion, being, in fact, only higher degrees of it. A different principle ſeems to take 
place in the aeriform ftate : the particles appear to be thrown into certain ſpheres, in which 
they are fixed by ſome other force than that of heat. Theſe they do not quit in any degree 
of cold that has yet been produced. _ 

Hence all bodies in nature, are either ſolid, Liquid, or in a ſtate of elaſtic aeriſorm vapour, 
according to the degree of heat to which they are . N 


III. Every body which paſſes from the ſolid to the liquid ſtate abſorbs 
a portion of heat which is no longer ſenſible to the thermometer, but 
exiſts in a true ſtate of combination; and is called latent heat. 85 


Exe. 1. If a bn of water at 329. be mixed with an equal quantity of the ſame fluid 
at 172. the temperature of the mixture will be 102% which is toe. arithmetical mean be- 
tween the heat of the warm water and of the cold. 

2. If a pound of ice at 32*. be mixed with a pound of water at 1720. the nab of 
the mixture will be 32%. —In the firſt experiment a quantity of heat, which raiſed the ther- 
mometer 70*. paſſed from the warm water into the cold, by which the temperature of the 
cold water was increaſed 70% But in the laſt experiment, a quantity which raiſed the ther- 
mometer 140. paſſed from the warm water into the ice, in conſequence of which the ice 
was melted, but its ſenſible heat was not increaſed. Whence it follows, that in the melting 
of ice, 140. of heat are abſorbed, which produce no effect upon the thermometer. 


3. A thermometer plunged into a veſſel filled with pounded ice, will deſcend to 329, If, 
then, the veſſel be immerſed in boiling water, the thermometer will not riſe during the 
whole time of the liquefaction of the ice. 


4. Dr. Black found that a piece of ice, ſuſpended i in a warm room, took upwards of five 
hours to liquefy, during which time a ſtream of cold air continued to flow from it; Had 
the heat which was communicated to it, by the ſucceſſive portions of air which paſſed over 
it, not been abſorbed, but employed in making it ſenſibly hotter, its W would, at 


the end of the time, have exceeded that of red hot iron. 
Hence 


— _ 
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Hence the reaſon why ice and ſnow continue in their ſolid ſtate ſo bag after che . 
rature of the atmoſphere has riſen conſiderably above the freezing point. 

Cold is produced in the diſſolution of all cryſtalliſed falts. Mr. Walker, an + ignite 
. - gentleman of Oxford, in the years 1787 and 1788, communicated to the Royal Society the 
"reſult of many accurate experiments on this e * „ mixtures 1 105380 
enen 100 


5. Three parts of ſtrong fuming nitrous acid diluted with water in the proportion of 2 
to 1 by weight, well mixed and cooled to the temperature of the air; 4 parts of Glauber's 
falts ; nitrous ammoniac 3 + parts; each reduced ſeparately to fine powder. The Glauber's 
falt 18 added to the diluted acid, the mixture well ſtirred, and immediately afterward 
the powdered ammoniac, again ſtirring the mixture. In theſe yg: of Wee * 

e wr eee e | 


-w 


„ 


1 0 to 1: Glauber's ſalt 24 ounces; ſal ammoniac 12 ounces. On 1 the Glauber's e 
to the diluted acid, the thermometer fell from 500. to 10. and on hid the ammoniac it 


fell —92®, that is full 609. | ht 
7. Mr. Walker effected the congelation of quickſilver by a combination of this mixture 
with ſnow and ice. When he began his experiment, the temperature of the mercury Was 


459. ſo that, the freezing point of that metal being —39®. there was produced $45. of cold. 
This gentleman has, however, frozen mercury without the aid of either ice or now. 


8. The greateſt degree of cold which Mr. Walker has produced was by repeating an 
experiment firſt made by Mr. Lowitz of Peterſburg. By inſtantaneouſly mixing four parts 
of fixed fal ammoniac, reduced to powder with three parts of light, qry, and freſh mow, 
the thermometer was ſunk —48?*, but upon mixing the ſame articles previouſly cooled by 
art to 40. the thermometer ſunk to 63*. below o. 

Equal parts of ſal ammoniac and nitre in powder, make a cheap and convenient com- 
' poſition for producing cold by a ſolution in water; it will freeze water and cream at Mid- 


e See Phil. Tranſ. 1787, 17886. 


IV. The heat which liquids Ade when PSs acquire a fuid for, 
is again ſeparated from them when they return to a ſolid ſtate. _ 


Exp. © If a pound of water at 32%. be mixed with an equal quantity of ice at 4*. nearly 
2. of the water will be frozen, and the temperature of the mixture will be 32%. In this 
3 experiment the ice is raiſed from 4. to the freezing point; it is therefore evident, that by 

the congelation of nearly I of a en of water, a quantity of heat is e, ſufficient 
nm | 1 
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2. Fahrenheit expoſed ſome water in a beer glaſs, perfectly at reſt, to an atmoſphere 
that was 109. below the freezing point. The water ſunk down to the temperature of the 
air, and retained its fluid form. Upon agitating the veſlel, the water immediately congealed 
into a ſpongy kind of ſubſtance, in which that which remained fluid became entangled, and 
the whole roſe to the freezing point. Here it is evident, that the portion which became 
ſolid gave off a quantity of heat, ſufficient to raiſe the whole to the freezing point. 


V. All bodies, by paſſing — the fluid ws to the acriform, abſorb 
heat, which is again given out when they recover their liquid ſtate. 


Exe. 1. If a veſſel of water be taken at 45*. or 50. and heat be applied, it will reach 
the boiling point in 4 of an hour. If the communication of ſenſible heat were all that was 
| to evaporation, the whole might be expected immediately to evaporate ; a conſider- 
e 0 As ied. mult de owing. 06, the prom: 
heat that it requires to aſſume the vaporous ſtate. 


2. A el-enediinn « fow- ojaces of water at $40. —_ ——_——_— 
it boil in 41 minutes, but it took more than 20 minutes wholly to evaporate. The heat 
was aſcertained to flow into it in the ſame eee ee laſt 154 as during the 41 
firſt minutes, but was neither ſenſible in the water, the nn it was then 
abſorbed as neceſſary to the vaporous form. | $4 | 

2 CIs we a read Inter hone the belies ales "et being 
ZP ͤr ̃ U Ä eg oT 8. the form of vapour; and the; refidee 
ſunk immediately to the boiling point. 


4. Water in Papin's digeſter was heated up to 4000. the lid being ſuddenly removed, a 
great quantity of ſteam ruſhed out with much violence, carrying ſome of the water along 
with it, but the greater part of the water remained in the veſſel, and ſunk down all at once 
to 212. - 


5. Water ae either liquors uſed for drink, 898 are put into porous veſſels, 
and being wrapped up in wet cloths, are expoſed to the ſun, or to a current of warm air, 
by which means the encloſed liquor is preſently cooled. 

6. A thermometer taken out of water, and expoſed to air, always deſcends. It after- 
"wards riſes till it has acquired the temperature of the atmoſphere ; but the time of deſcend- 
ing is leſs than that which it employs to fiſe again. It never riſes to the common tempera- 
ture til] its bulb is dry. 


7. A thermometer n in the receiver of an air- pump, deſcends two e > 
greas. during the time of . riſes to the temperature of the vacuum. 
x | 1 
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8. 44 ³ in alkohol, in the receiver of an air-pump, deſcends, and 
the lower in proportion as the bubbles are ſtronger which iſſue from the alkohol. If it be 
withdrawn from this liquor, and . wet beneath the receiver, it falls en degrees 


while the air is exhauſting. 


9. If the bulb of a thermometer be wrapped in fine linen, and kept moiſt by ether, and. 
the evaporation be facilitated by the agitation of the air, the thermometer will deſcend to 


the freezing point. 


Hence perſpiration produces a certain 1 of cold. Workmen employed in glaſs-' 


houſes, founderies, &c. live in a medium much hotter than their on bodies, the natural 
temperature of which is equalized by perſpiration. 
Hence almoſt all fevers end in perſpiration, thereby carrying off the matter of heat. 

From the conſideration of the foregoing experiments, particularly the 2d and gth, Dr. 
Darwin was led to ſuſpect, that elaſtic fluids, if mechanically expanded, would attract or 
abſorb heat from bodies in their vicinity : and that if mechanically condenſed, the fluid matter 
of heat wonld te prefied que 7 on We NT | 

To aſcertain theſe facts he made the following experiments. 

Exe. 1. The blaſt from an air-gun was repeatedly thrown on the bulb of a 1 
and it uniformly ſunk the mercury about 2. The air-gun, before it was diſcharged, Was 
left in the vicinity of _— in order that it might loſe the heat acquired i in the 
28 of charging. 

2. A thermometer was ſo applied to the receiver of the air- gun that a 
of air might paſs over the bulb at the time of its expanſion, nnn 


from 5e. to 7%. This experiment was repeated four times. 
During the act of condenſing the air into the receiver, there was confiderable hone: ans. 


rated in that end of the ſyringe next the air-globe, and the globe itſelf became hotter than 


could have been expected from its contact with the ſyringe. In exploding an air-gun, the 


ſtream of air always becomes vilihla, owing to n e e I TE Pp | 


vapour which it contained. 


3. A thermometer was placed in the receiver of am adi php and the air being haſtily 
exhauſted, the mercury ſunk 2. or 3*. and after ſome minutes regained its previous height. 


This appears to ariſe from the abſorption of heat from the mercury by the expanſion of 


the air. Both during the exhauſtion, and re-admiffion of the air, a ſteam was regularly 
condenſed on the inſide of the glaſs which in a few minutes was abſorbed, The ſteam muſt 
have been precipitated, by being deprived of its heat by the expanded air. wg 


4. Similar to theſe experiments is the phenomenon obſerved in what is called the un- | 


tain of Hiero, conſtructed on a very large ſcale, in the mines of Hungary. In this machine 
the air is compreſſed by a column of water 260 feet high: a ſtop-cock being opened, the 


air ruſhes out with great violence, and i in conſequence of its provinus condenſation becomes 
| uy very * 
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very much expanded, and the moiſture it contained is not only precipitated, as in the 
exhauſted receiver, but falls down in a ſhower of ſnow with icicles adhering to the cock. 


Hence Dr. Darwin concludes, that in all circumſtances of the mechanical expanſion of 


air, the air becomes capable of abſorbing the caloric from bodies in contact with it. This 


principle the doctor extends (1) to account. for the continual changes of the atmoſphere. 
{2) To account for the coldneſs of the higher regions of the atmoſphere ; and for that 
degree of cold which is experienced at the tops of high mountains, and which renders them 


regions of perpetual froſt and ſnow. The Andes, almoſt under the line, reſts its baſe on 


burning fand ; about its middle height is a moſt pleaſant temperate climate, covering an 


extenſive plain, on which is built the city of Quito ;—while its forehead is encircled with 


eternal ſnow, coeval, perhaps, with the elevation of the mountain. See Phil. Tranſ. 1787. 
- SxconDLY. Concerning light; the phyſical properties of which having been amply 


diſcuſſed in a former part of this work, we ſhall only notice, in this place, a few of thoſe 
_ope:ations of nature which ſeem to depend upon its influence. Vegetation cannot 


proceed without light. Plants deprived of this fluid become pale; and when placed in 
ſituations in which the light can come to them from one part only, they are obſerved to in- 
cline towards that part, ſhewing, thereby, the neceſſity which they have for this beneficial 
fluid. Without the influence of light, vegetables would exhibit but one lifeleſs colour; on 
this principle, celery, endive, and other plants, are bleached. Vegetables are not only in- 
debted to the light for their colour, but likewiſe for their ſmell, taſte, combuſtibility, and 
the reſinous principle which equally depend upon it. Hence aromatic ſubſtances, reſins, 
volatile oils, &c. are the inheritance of ſouthern climates, where the light is more pure, 
conſtant, and intenſe. Hence alſo the nations of the eaſt obtain from the wood, bark, 
or roots of trees, many of the moſt valuable colouring matters both for permanency and 
luſtre which all the ingenuity of European dyers has never been able to imitate. Vegetables, 
expoſed to the ſun's rays, emit vital air in conſiderable quantities; and may, perhaps, be 
conſidered as the apparatus adapted to take from the rays of the ſun, or from the ful matter 


of light, thoſe principles on which animal life chiefly depends. 


Of the influence which ſolar rays have upon colour, animals afford inſtances, ſuch as 
worms and grubs, which live in the earth or in wood, and are of a whitiſh colour. Birds 


and flying inſets of the night are likewiſe diſtinguiſhable from thoſe of the day by the 


want of brilliancy of colour : and the difference is equally marked berween thoſe of northern 
and ſouthern climates. | 
Light diſengages vital air from ſeveral gude, ſuch as the nitric 1 ö marine 
acid. It reduces the calxes of gold, ſilver, &c. Light, likewiſe, determines the phæno- 
mena of vegetation exhibited by ſaline ſolutions. See the concluſion of Chap. I. 
Hence then we may conclude, with M. Lavoiſier, that organization, ſenſation, ſponta- 
neous motion, and life, exilt only at or very near the ſurface of the earth, and in places to 


which light is acceſie 
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CHAP. III. 


of PERMANENTLY ELASTIC Froms,\ or Alns. 


. 
1 Airs in ar * of the nern uſed in ibs Dopartment of 


Science. 


The different airs with which we are now 3 are generally 8 . 8 
By the French chemiſts theſe gaſes are conſidered as differing only from liquids and ſolids 
by their containing a greater quantity of heat; ſo that to reduce Wa e a ſtate of 


gas conſiſts only in diſſolving it in the matter of heat or caloric. 


Caloric combines with various bodies, with greater or leſs facility; ſeveral, at the com- 
mon temperature of the atmoſphere, are conſtantly in the ſtate of gas others pals to 58 | 


ſtate at ſome degrees higher, which are called evaporable ſubſtances. 


The various ſtates under which bodies preſent themſelves to our eyes depend, as has did 
ſhewn, almoſt wholly upon the different degrees of caloric with which theſe ſame bodies 


are combined. All bodies are capable of paſling to a gaſeous ſtate, by means of caloric, the | 


. quantity of which is governed, (1) By the affinity of aggregation which oppoſes a new 


combination. (2) By the weight of the conſtituent particles which render their volatiliza- © 


tion more or leſs difficult. (3) By the attraction between the caloric and ſolid body. 

All bodies, whether ſolid or liquid, when they are volatilized by heat, appear either in a 
ſtate of vapour, or in that of gas. In the former cafe, theſe ſubſtances quickly loſe the 
caloric which raiſed them to that ſtate. But in the latter, the combination with the vola- 


tilized ſubſtance is ſuch that the ordinary temperature of the OE is. inſufficient to 


overcome the union. 


It has been obſerved, that the ſame body becomes ſolid, or fluid, or. aeriform, according 
to the quantity of caloric by which it is penetrated; or according as the repulſive force 


exerted by the caloric is equal to, ſtronger, or weaker, than the attraction of the particles 
of the body it acts upon. If, however, theſe two powers only exiſted, bodies would be- 


come liquid at an indiviſible degree of the thermometer, and would almoſt inſtantaneouſly . 


| paſs from the ſolid tate of aggregation to that of aeriform elaſticity. Thus water, at the 


. moment when it ceaſed to be ice, would begin to boil, and would be transformed into an 
aeriform fluid. That this does not happen, muſt depend on the action of ſome third power, - | 


which is no other than the preſſure of the atmoſphere, which cauſes the- water to, remain 


in a liquid ſtate till it be raiſed to the temperature of 2122. the quantity of me. 5 


lower temperatures being inſufficient to overcome the preſſure of the atmoſphere. 
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Whence it appears, that without this atmoſpheric preſſure we ſhould have no permanent 
liquid, nor even any aeriform fluids, becauſe the moment the force of attraction was over- 


come by the repulſive power of the caloric, the particl-s would ſeparate themſelves indefi- 


nitely, having nothing to give limits to their expanſion, unleſs their own gravity might 
collect them together. The truth of theſe poſitions will be made evident by the following 
experiment. Having filled a ſmall narrow glaſs veſſel with ether, and having properly 
ſecured it from evaporation by a double piece of wet bladder ; place it under the receiver of 
an air-pump, and exhauſt the air; then, by means of a ſharp pointed wire, let the bladder 
be burſt. The ether will. immediately boil with great violence, and be changed into an 
elaſtic aeriform fluid, which fills the receiver. If the quantity of ether be ſufficient to leave | 
a few drops in the phial after the evaporation is finiſhed, the elaſtic fluid produced will ſuſtain 
the mercury in the barometer attached to the air-pump, at eight or ten inches in winter, and 
from twenty to twenty-five in ſummer. If a thermometer be introduced into the phial, 
containing the ether, it will deſcend conſiderably during the evaporation. - 

In this experiment the weight of the atmoſphere, which, in its ordinary ſtate, preſſes on 
the ſurface of the ether, is taken away, and the effects, reſulting from this removal, evidently 
prove, that, in the common temperature of the earth, ether would always exiſt in an aeriform 
ſtate, but for the preſſure of the atmoſphere. 

The ſame experiment fucceeds with all evaporable fluids, ſuch as allcokal; water,” and 
even mercury; with this difference, that the atmoſphere formed in the receiver by the 
alkohol only ſupports the attached harometer about one inch in winter, and about-four or five 
in ſummer : that formed by water, in the fame ſituation, eee e 0) 


and chat by quickſilver but a few fractions of a line. 


The method of making experiments with permanently elaſtic fluids, or gaſes, though 


ſimple, requires ſome deſcription. We live immerſed in an atmoſphere not greatly differing 


in denſity from theſe fluids, which are not, for that reaſon, ſufficiently ponderous to be de- 
tained in open veſſels by their weight. Their remarkable levity, however, affords a method 
of confining them by means of other denſer fluids. Dr. Prieſtley, whoſe labours in this 
department of ſcience have ſo far exceeded thoſe of his predeceſlors, and contemporaries, 
both in extent and importance, that he has, with great juſtice, been conſidered the father of 
this branch of natural philoſophy, makes uſe of the following apparatus, 

A, repreſents a wooden tub, K, K, is a ſhelf fixed in the tub. When this apparatus is 
uſed, the tub is to be filled with water to ſuch an height, as · to riſe about one inch above the 
upper ſurface of the ſhelf. B, G, F, are glaſs jars, inverted with their mouths downwards, 
reſting upon the ſhelf. If theſe, or any other veſſels, open only at one end, be plunged 
under water, and inverted aſter they are filled, they will remain full, provided their mouths 
be kept immerſed. For in this caſe the water is ſuſtained by the preſſure: of the ebe eg . 
on the ſame principle as the mercury in the barometer. 

If common air, or any other fluid reſembling common air in lightneſs and elaſticity, be 


ſuffered to enter theſe veſſels, it mult, from its wig n and the water 
will 


ener. 1. OF PERMANENTLY 'ELASTIC FLUIDS. 


will ſubſde. Let a bottle, eupey cc. in that ſtate, which is uſually called empty, be plunged 
into the water with its mouth downwards, and. but little water will enter, owing to the 


elaſticity of the included air; if the veſſel be now turned up, it immediately fills, and the 


air eſcaping riſes in one or more bubbles to the ſurface, Suppoſe this operation to be per- 


formed under one of the jars which are filled with water: .the air will aſcend as before, but, 
inſtead of eſcaping, it will be detained in the upper part of the jar, When the receiving. 


veſſel has a narrow neck, the air may be poured through a glaſs funnel, 


C is a glaſs veſſel whoſe bottom is blown very thin, that it may ſupport he heat of a Plat 13 
candle, or ſpirits of wine lamp, ſuddenly applied, without cracking. In its neck is fitted a 


tube D, curved nearly in the ſhape of an 8. This kind of veſſel is very uſeful in various 
chemical gperations, for which reaſon it will be convenient to have them of ſeveral ſiaes. 


In the figure the veſſel C is repreſented as containing a fluid in the act of combining 
with a ſubſtance that gives out air, which paſſes through the tube into the jar B, under whoſe 


mouth the other extremity of the tube is placed by means of a ſmall hole in the ſhelf. 


At E is à ſmall retort of glaſs, or earthen. ware, whoſe neck being plunged in the water, 


beneath tha: jac E, ee on abit AI AY Wer 
xetort, which is received in the jaar. 

n ee als ee 4d eee ee, 
eee eee be uſed inſtead of an iron retort; The ſubject 
eee eee Gabon and the reſt of the bore may be filled with dry 


ſand, that has been well burned, to expel whatever air it might have contained. The ſtem 


of a tobacco-pipe, or a ſmall glaſs tube, being luted in the orifice of the barrel, the other 


extremity muſt be put into the fire that the heat may expel the contents. This air will of 5s 
A ny OY OE ER under an inverted veſſel in the manner 


already deſcribed, 
A more accurate method of procuring” air Goon 8 ſubſtances, by means of heat, is 


to put them, if they will bear it, into phials of quickſilver, with the mouths inverted i in 
the ſame, and then throw the focus of a burning lens, or mirror, upon them. 

Many kinds of air caſily combine with water, and therefore require to be treated in an 
apparatus in which mercury is made uſe of inſtead of water, 


When trial is to be made of any kind of air, whether it be fit 0 e ©» 


buſtion, the air may be put in a long narrow glaſs veſſel, whoſe mouth being carefully 


covered may be turned upward, A bit of wax candle being faſtened to a wire, which is fo. 
bended as that the lame of the candle may be uppermoſt, is to be let down into the veſſel, 


which muſt be kept covered till the inſtant of plunging the lighted candle in che air. 


Where the change of dimenſions, which follows from the mixture of ſeyeral kinds of air Plate 13. 
is tb be aſbertained, a gradyated narrow veſſel AB may be made uſe of. The giadustionss 


may be made by pouring in ſueceſſive equal meaſures of water into this veſſel, and marking 


Its ſurface at each addition, The meaſure may be afterwards uſed for the different kinds of 
air, and the change: of dimenſions will be deva by .the iſe or fal of the mercury, or 
pk | Ges Ny water 
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water in the tube AB. The putity of common air being determinable by the diminution 
produced by the addition of nitrous air, (hereafter to be deſcribed) theſe tubes have been 
called eudiometers. B mme erg | 
on Air. 

. eee eee eee it wil icombiae; 


does not require any particular apparatus, but may be performed with utenſils every where 
to be met with. Water may be impregnated with fixed air in the following manner. A 


quart bottle C is filled with water, and inverted into the baſon F, which likewiſe contains 
ſome water. The inverſion is eaſily made, without the loſs of any of the contents of the 

bottle, by covering the orifice with a card to be withdrawn after immerſion. "A is a half 
1 into which ſome broken pieces of marble or chalk. are put; and upon them is 
poured as much vitriolic acid, diluted with water, as may fill the bottle about two-thirds. 
B is a bladder, whoſe neck is tied faſt round a perforated cork of a tapering figure. Aſter 
the efferveſcence has begun, the cork is to be thruſt into the neck of the phial A, the 
bladder being previouſly emptied-by preſſure. Fixed air will eſcape from the chalk, and in- 
fate the bladder. When this laſt is full, it muſt be diſengaged from the bottle, and the 
bended tube E muſt be thruſt into the orifice of its cork. The aperture of the tube being 
then placed beneath the mouth of the bottle C, it is eaſy to diſcharge - the aerial contents of 
the bladder of preſſure into this laſt. By agitating of the bottle C, wi . withdrawing 
its neck out of the water, the abſorption takes place in a few ſeconds. - Two or three 
repetitions of this proceſs, impregnates the water fo fully that it nnen 
— oy. e e eee 5 0 N e 


Of INFLAMMABLE AR. 5 


This gas is, by the French chemiſts, termed hydrogenous gas, from the ſuppoition, that 


its baſe, which they call hydrogene, is one of the conſtituent principles of water. Its 


property of burning, in conjunction with reſpirable air, has cauſed it to be diſtinguiſhed, by 
the name of inflammable air. It may be extracted by means of heat, from all bodies in 
which it is a conſtituent part, but the pureſt is faid to be that which is afforded by the de- 


compoſition of water. For this purpoſe, diluted vitriolic acid is poured upon iron, or zinc, 


te water which ſeryes as a vehicle for the acid is decompoſed on the metal, with which 


its oxigene® combines, while the inflammable air eſcapes. Water may be decompoſed. by 
throwing it upon iron ſtrongly heated; and inflammable alr is obtained by cauſing. water to 
paſs through an iron tube ignited to whiteneſs. It ſhould be obſerved, that the two parties 
into which chemiſts are divided do, not agree in their theories on theſe Edt; the one, with 


*'» bee th wear Bins teu e be £07” * 
; WW 


* 


cnar. 11. OF INFLAMMABLE/AIR. 
Dr, Prieſtley at their head, contends that the air comes from che metal; the other, that it 


is really a conſtituent part of the water. Inſlammable air may be obtained in confiderable 


quantities from all ponds, and ather Ragnant waters. The method is as follows; Fill a 


wide-mouthed bottle (a common bottle with a funnel will anſwer. the fame end) and keep it 


inverted in the pond; then ſtir, with a ſtick, the mud at the bottom juſt under the inverted 


bottle, ſo as to let the bubbles of air which come out of the mud enter the bottle, which 
air is inflammable. The bottle muſt be well Ropped, or corked; while under water; After 


which it may be conveyed to any diſtance: F OO I IE 
| poſition, on account of the levity of the air.. bios lad bo 


The properties of. inflammable gas are, 1. It has a gage ang odour. When it 
is extracted over mercury, it has ſcarcely any ſmell, It contains half its weight of water, ; 


and loſes its ſmell the moment it is deprived of. this additional ſubſtance, The volume of 
gas is 4th larger when received over water, than when received over mercury. Hence it 
appears, that the offenſive ſmell of this gas ariſes only from the water it holds in ſolution. , 


2. Inflammable air is not proper for reſpiration, Birds, ſucceſſively placed in a veſſel of 


this gas, died without producing the ſmalleſt change in the gas itſelf. From ſome en | 
ments made by M. Chaptal, he concludes, that inflammable air, though unfit; for the pur- 5 


poſes of reſpiration, is not a poiſon ; for he reſpired ſeveral times the fame volume of this 
air, without injury, and without any change in the gas. He conſiders the lungs as an 


organ which is nouriſhed by the air, digeſts that 1 2 is rn e yp. . 


beneficial, and rejecting the noxious parte. 


3. Inflaramable air ² A ĩ » ohidl Sith ARA 


and a lighted taper be preſented to it, the gas will burn at the ſurface where it is in contact 
with the atmoſpheric air, but the candle is extinguiſhed the moment it is plunged lower. 
Hence the reaſon, of the following phenomenon: —If, in hot climates,” the mud at the 
bottom of a pond be well ſtirred, and immediately after, a lighted candle is brought to 


the ſurface of the water, the inflammable air taking fire, a flame is inſtantly ſpread = 


over the ſurface of the pond... Hence alſo, ſeveral meteors ſeen in the atmoſphere z—ignes 
Id rabbi &c. . bean TO a effects of inflammable air fired b 
1 | „ bla erage 


4. Weeds air © dine! 16 Um e muede air; e e e! 


varies according to its purity, and the ſubſtances from which it is obtained. This leyity 
has induced ſome philoſophers to preſume that inflammable air ought to arrive at, and occupy 
the ſuperior parts of our atmoſphere. Upon this ſuppoſition; the moſt brilliant conjeftures * 
have been made reſpecting the influence which a ſtratum of this gas, predominating over the 
reſt of the atmoſphere, ought. to produce in meteorology: This continual loſs of matter is not 


agreeable to the wiſe cexconomy of nature. Beſides, this gas, during its aſceũt in the air, 
combines with / other bodies, 1 the purer * of the. eee and water and 


nn e eröilt. 4 hy BEES 1 VEE fa N N 38 EFYV a2 4s 
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Hence the theory of air balloons. In order that a. balloon may riſe in the atmoſphere, it 


i ſufficient that the weight of the balloon itſelf, and the air which it encloſes, ſhould be 


leſs than that of an equal bulk of atmoſpheric air, and then, by a. well. known. property of. 
Auids, it muſt riſe till its weight is in equilibrio with an equal volume of furrounding air. 

5. Inflammable air exhibits various characters, according to its degree of purity, and the 
nature of the ſubſtances with which it is mixed. That afforded by vegetables contains 
aerial acid, or fixed air, and oil. That of marſhes is mixed with a greater or leſs quantity 
of aerial acid. Its colour varies alſo according to its mixtures. | 


6. It will diflolve ſulphur, and thus form Bepatic gas; the principal properties of this 
gas, are, (1.) It is improper for reſpiration. (2. It renders white. metals black. (z.) It. 
imparts a green colour to the ſyrup.of. violets. (4.) It burns with a blue flame, and depoſits- 
fulphur in combuſtion. (5,) It mixes with the vital air of. the atmoſphere, and forms 
water, while the ſulphur is precipitated. (b- * n ** and is ſparingly ſoluble 
in the fluid. 

* The air which burns at the ſurface 3 forms what 5 known by 
the name of burning ſprings,. conſiſts of inflammable.air holding phoſphofus in ſolution. 


* SECT. Ik 


Of» DEPHLOGISTICATED er VITAE. Alx. 
This air is called, in n of. Lavoifier, oxigene,. or oxigenous gas. 
it was firſt diſcovered by Dr. Prieſtley on the firſt of Auguſt, 1774, and called by him de- 
phlogiſticated air. A few months after, and without any communication with Dr. Prieſtley, 


it was diſcovered by Mr. Scheele, of. Sweden, who called it empyreal air. 
There is no place yet diſcovered upon the. ſurface of the earth, where vital air is found 


naturally like inflammable air; but it may be obtained from ſeveral ſubſtances, and by various 


proceſſes. Pure vital air may be obtained by the expoſure of nitre to a ſtrong degree of heat. 
About 1200 cubic inches of this air may: be obtained from a pound of this falt. All the 
metallic calxes, when moiſtened with nitrous acid and heated, yield vital air. An ounce. of red 


- precipitate. affords. about a pint meaſure of. this gas. All the mineral acids have vital air 


for their baſe, and ſome of them yield it freely. . Vegetables, expoſed to the light of the 
ä eee e eee e ee ee 


plant, and the brilliancy of the light. 


Ex. Encloſe three or four cabbage-leaves, taken Freſh from onda re- 


chiver filled with water, and inverted in a veſſel of the ſame fluid, and let the Whole be expoſed 
| | C700 
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o the rays of the ſun, Small bubbles of air will be formed mina —_—_— 
themſelves, riſe to the upper part of the veſſel and diſplace the water: © 

Vegetation inceſlantly repairs the conſumption of vital air. The . the at- 
moſpherical azote®, and emits vital air, Man, on the contrary, is kept alive by the vital 
air, and emits the azote, Hence it appears, that the animal and vegetable kingdoms labour 
for each other, and that by this reciprocity of ſervices the atmoſphere is continually * 
and an equilibrium maintained between its conſtituent principles. 5 


* TEE 


I. The influence of the folar light has the property of werkes 
certain ſubſtances, and thereby diſengaging this gas. 


Exp. A bottle of. oxigenated muriatie acid expoſed to the light of the ſan, ſuffcts all ins ; 
fuperabundant oxigene to eſcape. The ſame acid expoſed to the ſun in a bottle wrapped in» . 
black paper, ſuffers no change. The nitric acid likewiſe affords vital air, when expoſed to - Hi | 
the light of. the ſun, whereas heat alone volatilizes it without decompoſition. "The muriate, . 
or marine ſalt of filver, placed under water, and expoſed to the ſun, * So alſo 
wilt red precipitnte. FETY | 


H. Vitalair may be obtained by aiſergaging ir kom in baſs r means : 
of the vitriolic acid. 


Exp. Take the phial C, e ee ee ee eee, dee | 
liquid paſte with vitriolic acid. Then place it under the thelf;.as in the: figure, and appl ß? 


a lighted wax taper, or live coal, 1 nnn nn r e G g ; 135 * 
diately diſengaged. ; 
This air poſſeſſes properties which-wuryactanding to the ſeveral fubſtances from which it is- - 


obtained. That which is got from the calxof mercury, almoſt always holds a-ſmall quantity” — 
of. that metal in ſolution. A is aviR FIRIONE Cry riG- . $200 
tion on two perſons who uſed it for diſorders of che lungs:* | | 
That which is extracted from plants is thought not to be equally pure with that afforded | : | 
by the metallic calxes: I have; however, ſeen vital air, extracted by Dr. Ingenhouz; from» | % FE ; 
freſh gathered cabbage leaves, with which he performed ſeveral brilliant experiments.” The- : | 
doctor threw away-the air which was generated during the firſt 15 or 20 minutes. That. | 
which was afterwards produced, yarn app ene mmm. 
is obtained, its genetal properties are the following: 
1. The ſpecific gravity of vital air, Aan et enen un Wee 8 | 
2: It is dhe only fluid proper for-combuſtion, which-vas the eaten why Mr. Selicele 
called it the air of fire. The four following prineiples ate conſidered as inconteſtable reſults 
of known facts. (I.) Combuſtion never takes place without vital air.” (.) In every. p 
OO eee A ee e e - 
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vital air, the whale of i will be abſorbed; When the ao On 
of foremal gaiee, che {anigyne alape is abſorhed, andthe others. remain, un. '' 


"Exe, "The combuſtion of fulphur, o or phoſphorus, 'r may be thus effected: "AB is is a x bell. 
glaſs filled with vital air, ſanding i in the veſſel CD, which contains mercury, F is a ſmall 
ſtand, upon the top of which, E, may be placed ſome ſulphur, or phoſphorus, conveyed under 
the glaſs through the mercury. By means of the lens G, about 3 inches in diameter, the 
ſubſtance is eaſily inflamed by the heat from the rays of the ſun. During the combuſtion, 
there is a conſiderable abſorption af vital air ;, and when phoſphorus i is the ſubſtance uſed, the 
whole inſide of the bell-glaſs becomes covered with li ght flakes of concrete phoſphoric acid. 
The combuſtion of phoſphorus ſucceeds equally well in atmoſpheric air, only that it goes | 


ori much flower, and the abſorption is but about Ich part of the gas employed. (3.). There 


is an increaſe of ITO in oe. 3; 194m aj Rope EN to the ps ot 'of the vital 
ee n 2 73 | 


" Exe. Duzing the calcination of metals, an 1 of vital air ; takes wrong and an, 
increaſe of weight in the metal, equal to the weight of air abſorbed. Thus, if the metal to 
be calcined be placed in a ſmall porcelain cup on the ſtand FE, under the glaſs receiver AB, 
filled with air, in the baſon of mercury DC, and the focus of the burning glass O be made | 
to fall upon the metal; in a few minutes the calcination takes place, a part of the vital air 
is combined with the metal, and a proportional diminution of the volume of air is produced, 


dar which remains is azotic gas, mixed wich a fell quantity of vital air. 


When pure vital air is uſed, its weight may be aſcertained, and alſo the weight of the 


metal both before and after calcination, and i will be found chat during che'ckpe@iment, the 


op orient e ee Sag e e eee uma 
13 1 


„The experiment. of Dr. xs woah deſcribed in the next page, is a true pilioatiow of : 
iron. (4.) In all combuſtion there is a diſengagement of heat and. light; for in moſt caſes 
of this kind, the oxigenous gas becomes fixed and concrete, It therefore abandons the 
caloric, which maintained it in the aeriſorm tate, and this caloric, ſet at liberty, eee 
heat, and endeavours to combine with the ſubſtances neareſt at hand. * 

This diſengagement of heat is, therefore, ee eee 


is fixed in bodies; and it follows from this principle: (1.) That heat is moſt eminently 


reſident in the oxigenous gas which maintained combuſtion. (2.) That the more oxigene is 


abſorbed in a given time, the ſtronger will be the heat. (3.) The method of obtaining the 


moſt violent heat conſiſts in burning bodies in the pureſt air. (4.) That fire and heat muſt 
F 6 That congus of air are 
neceſſary to expedite and maintain combuſtion. | 55 

Hence the theory of Argand's lamp. eee eee 
through the middle of which a current of air is introduced by a funnel, produces a very thin 
“neee een 


air. 
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air. As dere is, however, a firong attraction between the particles of fire, there would 


te ee e e eee from all the ſides of the lamp, at a certain height above the 
funnel, and ſo forming a conical flame, was it not that this effect is prevented by a tube of glaſs 


with which the flame is ſurrounded, and which, when warmed, counteracts the attraction 


that the different ſides of the circular flame would have W ab e 


eurrent of air free and without interruption. 
Exr. 1. A profeſſor of Gottingen, foldered the blade of a kaif to a watch ſpring by 


means of oxigenous gas. M. Lavoiſier has ſubjected almoſt all known bodies to the action 
of fire ct Ba bow wi lng, ant pep greys i ſuperior W 
1 | | 


N 
ion. Take a piece of very fine iron wire twiſted into a ſpiral BC; fix one of its extre- 


extremity of the wire C, a ſmall morſel of tinder. Then fill the bottle with vital air, and 


4s 


2. The' following 'is De) „„ r. 


mities B, into a cork A, adapted to the neck of the bottle DEG, and fix to the other 


lighting the tinder, introduce it quickly into the bottle, which you ſtop with the cork A. 1 


The inſtant the tinder comes into contact with the vital air, it begins to burn with great 
intenſity, and communicating the inflammation to the\ iron wire, it alſo takes fire and burns. 


rapidly, throwing out brilliant ſparks, which fall to the bottom of the phial in round glo-- 
bules. C Ee ITT nn WO | 


air obtained fram cabbage leaves. 


3. The light of glow-worms is ſo brighit in oxigenous gas, chat a we- ena. 5 


light ſufficient to read print of a very ſmall character. + 


In the a& of combuſtion there are three ſtates in which bodies ang 5, viz. 3 in- 


flammation, and detonation. (1.) Inition, which takes place when the combuſtible body 


is not in an aeriſorm ſtate, nor ſuſceptible of aſſuming that ſtate, by the ſimple heat of com- 


buſtion. This happens when well made charcoal is burned. ' (2.) When the combuſtible 
body, in the form of. vapour, or gas, is preſented to pure air, the reſult is flame; and the 
flame is more conſiderable in proportion as the combuſtible body is more volatile. The 


flame of a candle is kept up by the yolatilization of the tallow, or wax. (3-) Detonation is 
a ſpeedy and rapid inflammation which occaſions a noiſe by the inſtantaneous formation of a 
vacuum. Moſt detonations are produced by the mixture of pure and inflammable airs. A 
very ſtrong detonation 'may be produced by a mixture of one part of vital air, and two of. 
inflammable. 


Oxigenous gas is the only. gas proper for reſpiration, which 3 it to the 8 


. vital air. It has been long known that animals cannot live without the help of air; but the. 
phænomena of reſpiration were but imperfectly underſtood till the preſent age. A ſol⸗ 


lowing principles may be conſidered as well-eſtabliſhed fats: Me Bhat 
- his No animal can live without the, men. air. This 6 is eee e a 


5 


9. | „ All 


416 


Plate 13. 
Fig. 20. 


inches in an hour. This fact affords a proof of the facility with which air is vitiated 
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2. All animals do not require the ſame purity in the air. Birds, men, .and the greateſt 


part of quadrupeds, require a very pure air; but thoſe animals which live in the earth, or 


which bide themſelves in a ſtate of ſtupefaction during the winter, can ſubſiſt by means of 
a leſs pure air. 

3- The manner of ing air is different in different animals, Awphibious animals 
reſpire by means of lungs; fiſhes come from time to time to inhale the air at the ſurface of 
the water; when they fill their veſicle, and digeſt it afterwards at their eaſe, Reſpiration 
is effected in inſeAs by means of trachz diſtributed along the body. Theſe inſects exhibit 
ſeveral very evident points of analogy with vegetables. (1.) Their reſpiratory organs are 
formed in the ſame manner, being diſpoſed through the- whole body of the vegetable and 
animal. {2.) Inſects do not require a great degree of purity in the air, and plants are nou- 


riſhed with atmoſpherical azote. (3-) They both tranſpire vital air. The .abbe Fontana 
| diſcovered ſeveral inſects in (ſtagnant waters, which when expoſed to the fun afforded vital 


Air. Dr. Ingenhouz found the green matter, which is formed in ſtagnant waters, to be a 


maſs of animalevla, which, when expoſed to the ſun, afforded a large quantity of vital air. 


(4. e nme 
volatile oils, &c. 5 | 
Pc any 
gas deprived of this mixture becomes immediately unfit for reſpiration, From a number of 
experiments it appears, (1.) That an animal lives longer in vital than in atmoſpherical 
air. (2.) That an animal can live in the air in which another died, (3.) That inde- 
pendently af the nature of the air, reſpect muſt be had to the, conſtitution of the animals. 
(4-) That there is either an abſorption of ait, or the production. gf a new kind of gas, 

which is abſorbed by the water as it riſes. 


Exe, Theſe facts may be afqrtained by the following ad: In the bell-glaſs AB, 
filled with vital air, and ſtanding in a veſſel of water, or mercury, DC, introduce a ſmall 
animal, as a mouſe, bird, &c. which may be done without injury to the animal. Hence 
may be aſcertained the effects of different kinds of air upon the creatures immerſed; the 
nenn &c. a, 


III. It remains now to enquire, what are the change produced by 
reſpiration. 1. In the air. 2. In the blood. 


1. The air emitted by expiration, is a mixture of azotic gas, WES acid, and vital 
air. If the air which iſſues from the lungs be made to paſs throughlime-water, it renders it, 
turdid; if it is received through tincture of turnſole, it reddens it; and if a pure alkali be 
ſubſtituted inſtead of the tincture of turnſole, it becomes efferveſcent. Frugivorous animals 
vitiate the air leſs than carnivorous animals. A portion of air is abſorbed in reſpiration, 
which, by the experiments of M. de la Metherie, has proved to be about 360 cubic 


by 
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by reſpiration; when it is not renewed, and _ er the air of erowded co eee is 22 un- 
wholeſome. 


2. The firſt effect which the air appears to produce upon the þlood, is that of giving, it a 
* yermilljon colour, The air which returns from the lungs is of a higher colour. Hence 
ariſes the great intenſity of the colour of arterial compared with venous blood. Dr. Prieſtley 8 
cauſed the blood of a ſheep to paſs ſucceſlively into vital air, comman air, azotic air, &c. 
and he found that the blackeſt parts aſſumed a red colour in reſpirable air, and that the Inten- 
ſity of this colour was in proportion to the-quantity of vital air preſent. The reſult of many 
experiments is, that the vermillion colour of blood is the effect of the contabt, abſorption, 
and combination of pure air with the blood.  _ 

The ſecond effect of reſpiration is, to eſtabliſh a real focus of head in the lungs. The : 
heat in each claſs of animals is proportioned to the magnitude of the lungs ; for there is an 
abſorption of vital air in reſpiration. Reſpiration then may be conſidered as an operation, by N 

means of which vital air paſſes continually from the gaſeous to the concrete ſtate; it muſt, 
therefore, at each inſtant abandon the heat which held it in ſolution, and in the ſlate of 
gas. This heat produced at every inſpiration, muſt be proportioned to the volume and 
activity of the lungs ; to the purity: of the air; and the rapidity of the inſpirations, | 
The neceſſity of vital air in reſpiration, enables us to lay down poſitive principles for 
purifying the corrupted air of any given place, which may be done; ( t.) By correcting the 
Vitiated air by means of ſubſtances which are capable of ſeizing the noxious principle. (2.) 
By ſubſtituting freſh air, by means of 1 &c. 0 3.) * an a new my 


of vita] air into the or en a 
„„ 
Of AERIAL Aci, or FIXED AIS. 4 SITS ; 


The acid which is known by the names of fixed air, aerial, or car- » 
bonic acid, is found in great quantities in nature, and in three different 
ſtates, To Dr, Black we are indebted for the W diſcoveries re- 
ſpecting this gas. 


I. Nose e dons e 
occupies the lower parts of ſuch caverns, &c, as contain materials from which it is pro- POE 
duced by decompoſition. ' On account of its direful effects, it has been called by miners the | 2 
choke damp. In this ſtate it is found in the Grotto del Cano, near Naples, which has been "LEE EY 
lng fungus co opt EG WS IE 
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| eb heals ernaaiedbeatte and 13 of figed iir. 


OF CHEMISTRY. vook Mr, 


dog, or other animal that holds its head near the ground, be thruſt, it is immediately ſuf. 
focated, though a man in the erect poſture, may venture into the cave with ſafety : hence. 
the origin of its name. This gas is alſo found upon the ſurface of the lake Averno, in 


Italy; on the ſurface of ſeveral ſprings, and in ſeveral ſubterraneous places, ſuch as tombs, 


cellars, &c. It is diſengaged alſo in this form by the decompoſition of vegetables heaped 
together; by the putrefaction of animal ſubſtances; it is alſo emitted in large quantities by 
bodies in a ſtate of vinous fermentation ; and. on account of its ſpecific gravity, always occu- 
pies the upper part of the veſſels in which the fermenting proceſs i is going on. 


Exe. 1. A lighted pager, or candle, dipped into fixed air, is immediately extinguiſhed N 
and the ſmoke renders its ſurface viſible, which may be thrown into waves by agitation, 


2. Water immerſed in this air, and briſkly agitated, ſoon becomes e and 
obtains the taſte of Pyrmont water. | 
3- This gas may be poured from one 1 in which operation a very ſin-. 
gular phænomenon may be obſerved: if a candle, or ſmall animal, be placed in a deep 
veſſel, the former is extinguiſhed, and the latter expires in a few ſeconds after the fixed air 
is poured upon them, though the eye cannot perceive any thing that is transferred from one 

veſſel to the other. 


Wen fixed air exiſts in a tate of gas, > may de collected, (1.) By filling a bottle with 
water, and emptying it into the atmoſphere of this gas. (2.) By expoſing lime-water, fob - 
which it has a great attraction, in its atmoſphere, the gas precipitates REI and com- 
bines with the water, from which it may afterwards be extracted. 

From the eagerneſs with which lime-water imbibes fixed air, it has been recommended a as 
uſeful in purifying the foul air in hoſpitals, The method conſiſts ſimply in placing at dif- 
ferent diſtances in the hoſpital wards, veſſels with n for the purpoſe of abſorbing 


the fixed air. 5 


- The following . EI has been lately ſuggeſted as the. beſt means of Ok the. 
quantity of fixed air in any given place. 

Exy. Take two phials; let the one be filled with common water, the other with lime- | 
water. At the place where you with to examine the purity of the air, 'empty the phial of 
common water, then, filling it half full of lime-water, and corking it, ſhake the » orober 
ſome time ; the quantity of ſediment ſhews the proportion of fixed air. 


II. Fixed air exiſts in a ſtate of mixture, as in certain mineral waters. In this ſtate: 
it may be obtained, (I.] By agitating the liquid which contains it in a bottle, to which 
is affixed a moiſtened bladder. (2.) By diſtillation of the fame, fluid. (3.) By precipitating 
the fixed air by means of lime-water, weighing the precipitate, and deducting 4+ parts for 
the. proportion. of fixed ait; it having been deduced by analyſis, that * parts of chalk. 


1 mw Fixed 
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NE + | © Fed air is found in a ſtate of combination. It n, ane "—_ 
weight of ane, marble, and ſome other calcareous earths. | rt 


The arti methods of obtaining fixed air from thoſe ſubſtances | in which i it exiſts in 
a ſtate of combination, are principally three. (1.7 By fermentation, Dr. Hales obtained 
639 cubic inches of fixed air frym 42 cubic inches of beer. Mr. Cavendiſh found that out 
of 100 parts of dry ſugar, 57 were converted into fixed air. 2.) Fixed air may be ob- 
tained by the ſimple application of heat. Dr. Prieſtley, in order to obſerve the proportion 
of fixed air contained in different forts of wine, filled phials with ſeveral {ſpecies of it, and 
then plunged them into a veſſel of water ſet over the fire to boil, receiving the gas after the 


uſual method, into a receiver filled with, and inverted in a baſon of quickſilver. (3.) Fixed 
air in the ſtate of combination, is obtained by the ſuperior affinity of ſome other acid, as 


the vitriolic ; for moſt of the acids have a ſtronger action on bodies than this. 


Exe. 1. Put ſome chalk or marble groſsly powdered into the bottle C, and pour upon it Plate 12 
ſome vitriolic acid diluted with water, in proportion of about 4 parts of water to one of * 


acid. The mixture will efferveſce, heat will be produced, and fixed air will be rr 
emitted, which paſſing through the bended tube will go into the bottle B. 125 


2. Mr. Cavallo gives the following method of obtaining fixed air in conſiderable 1 
tities. In the bottle C, mix equal parts of brown ſugar, and good yeaſt of beer, to which 


?, will yield fixed air plentifully, 
It is certain that fixed air is an ned; for (t.) The tincture of turnſole, . 


bottle with this gas, becomes red. (2.) Ammoniac, or volatile alkali, poured into a veſſel 


filled with this gas, becomes neutralized. (3.) Water impregnated with this gan, is ſtrongly 
ſub- acid. (4.) It neutralizes alkalies, and cauſes them to cryſtallize. 8 | 


The properties of fixed air, are, 
1. It js unfit for reſpiration, It is this gas which produces the many accidents at the 


opening of cellars, in places where. wine, cider, or beer are ſuffered to ferment. | Birds. 


plunged into the aerial acid gas, ſuddenly periſh. The famous lake of Averno, where 


| Virgil placed the entrance of hell, exhales ſo large a quantity of fixed air, that birds cannot 


fly over it with impunity, Frogs will live in fixed air from 40 to 60 minutes, by ſuſ- 
pending their reſpiration, Inſects become torpid after remaining a certain time in this air, 
dut they reſume their livelineſs the moment they are expoſed to the free atmoſphere. 5 


2. Fixed air js improper for vegetation. Dr. Prieſtley having kept the voots of ſeveral 


plants in water imprognated with fixed air, obſerved that they all periſhed. Plants that 
grow in water ſlightly acidulated with this gas, emit a large quantity of vital air; for, in 
This caſe, the acid is decompoſed, the carbonaceous principle combines with the vegetable, 
while the vital air W Fungi, formed in ſubterranecus __ are almoſt wholly re- 

. | | * 


about twice the bulk of water. e a degree of heat not exceeding 
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folved into acid; but if theſe vegetables he gradually expoſed to the action of the light, the 
proportion of the eee eee of the en „ ee 
vegetable becomes coloured. | 
3. Fixed air is eaſily diſſolvable in water. Water impregnated with this gas poſſeſſes 
very valuable medicinal qualities. A method of facilitating this mixture has been already 
mentioned; but the moſt approved apparatus for the purpoſe, is that invented by Dr. 
Nooth, and improved by Parker. The natural acidulous mineral waters do not differ from 
theſe, excepting in conſequence of their holding other hacks in ROY and they may 
be perfectly imitated when their analyſis is known. oy 
4. Fixed alr is heavier than the common atmoſpheric air in the proportion of about 68 
to 45. This weight cauſes it to occupy the loweſt ſituations, and gives it the property 


which has been deſcribed, -of being poured, like other fluids, from one veſſel to another. 


5. It reſiſts putrefaction. Hence it is that ſubſtances in which this gas abounds, are very 
powerful remedies in all putrid diſcaſes. Sir John Pringle ſuppoſed that the frequent uſe of 


ſugar, and freſh" vegetables, which at this time make up a conſiderable part of the diet of 


the European nations, prevents thoſe putrid diſeaſes and plagues which were formerly n more 
frequent. Dr. Macbride aſcribes the preſervation of the body from putrefaction, in a great 
meaſure to the fixed air, RE eee HOT In to CONE reg tho 
R 5 is 


SKR OF. V. 
Of xiTROUs Alx, 
- Nizrons air, though in ſome meaſure known to Dr. Hales, was properly diſcovered by 


Dr. Prieftley. It is a permanently elaſtic fluid, never found naturally like the fixed and 
inflammable aits, but is entirely artificial. This fluid is diſengaged by the action of the 


diluted nittous acid on a great number of combuſtible bodies. 


All metallic ſubſtances, excepting gold, platina, and regulus of antimony, when mixed 
with diluted nitrous acid, yield nitrous air. Siver, copper, brafs, iron, mercury, biſmuth, 
or nickel, give out this air in conſiderable quantities. Some of them, as mercury, 4 
the aid of beat; as the flame of a candle, in order to produce the elaſtic fluid. 


Exp. 1. Nitrous air is obtained by putting ſome final} pieces or filings of copper, braſs, , 
&c. in the bottle C, together with ſome diluted nitrous acid; the proportion of acid to water 
muſt be as 1 to 2 or 3. The ſmell of nitrous gas is very penetrating and offenlive;” it 
eccaſions a rod oke when it comes into cod with the air 25 

2. Silver, 
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2. Silver, copper, and iron, diſſolved in equal quantities of diluted nitrous acid, yield nitrbus 


gas in the proportions of 6, 64, and 8, The ſame proportions muſt be obſerved in regard 
to the water and acid, in order that the diſſolution of the metal may be effected with equal 


2 „ ſilver requiring the leaſt water, and iron the moſt. As nitrous air is chiefly uſed 
to 5 the purity of reſpirable air, it is of conſequence that it ſhould be always of one 

degree of goodneſs; and this object is obtained by diſſolving ſubſtances of a homogenous 

nature in nitrous acid of the ſame degree of ſtrength. Metals, therefore, whoſe nature is 

moſt uniform, muſt be preferred for this purpoſe. Accordingly, braſs yields nitrous air. of 
na a more uniform nature than iron, copper is ſuperior to braſs, and pure mercury is ſtill reer 
to copper; and upon all accounts this metal ſeems the moſt e for ere. vs 


The properties of nitrous air are as follows: 


I. The moſt remarkable property of this kind of cake ho nas 


quantity of reſpirable air with which it is mixed. It is ſound that this diminution is greater, - 
in proportion as the reſpirable air is better adapted to the purpoſes of combuſtion and animal 
life, Hence, then, the method of aſcertaining the purity of - atmoſpheric ait, by adding to 
a given quantity of it, an equal bulk of n air, ng the e e 
both after the mixture. wo | ds 


RE 
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' Exp, I the tube AR be Killed two-thirds with water, and one-third with the air to be Plate w 


camel, and then an equal bulk of nitrous air be added to that already in the tube, it will 
be found that the ſpace occupied by both aſter mixture, will not be equal to the ſum of the 
ſpaces occupied by both airs ſeparately. If the equal meaſures of common and nitrous airs 
be diminiſhed 2, of a meaſure, the meaſure of the zeff is 1.3, which number denotes the 
reduced bulk of the air which was originally two. 

Pure vital air will admit of the addition of hel times its own bulk of nitrous airs. 
without ſenſibly increaſing the ſpace which it occupies. Thus if AB be 2 full of vital air. 

3 equal meaſures of nitrous air may be added without any viſible augmentation of its bulk. 


II. Nitrous air polleſſes the power of: jreerving animal lanes from pan and 
reſtoring thoſe that are already putrid. 


Exp. 1. Dr. Prieſtley took two mics, "ie juſt killed, and the other fok and petri, 
and put them both _—— temperature of the weather 


ſweet. 


. In avdar eee the e . 
Dr. Prieſtley examined a mouſe- which he had encloſed in a phial full of: fixed air; upon the 


opening of which, about a month after, he perceived that a large quantity of putrid eſſluvium 


| bad been generated, which ruſhed out of the phial with a ſmell inſufferably offenſive, 


in the months of July and Auguſt ; and after n 


* 
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Dr, Prieſtley made ſome experiments with a view of rendering nitrous air advantageous 
for culinary purpoſes, but the reſult did not anſwer his expectations. See FI on Air, 


III. Nitrous air is not fit for the purpoſes of animal or vegetable le. Plants die % 
ſoon in nitrous. gas. A mouſe dies the moment it is put into nitrous air; but frogs, and 
ſnails, and therefore probably, other animals whoſe reſpiration is not very roquant, will 
bear being expoſed to it a conſiderable time, though they die at length. _ 

From the fatal effects of this air to inſets, and its great antiſeptic power, Dr. Prieſtley _ 
conjeQured that it might hereafter be uſed in medicine by way of ! as deſtructive to 
worms of all kinds, and to correct putrefaction. : | 


IV. It will nat be deemed quite foreign to our purpoſe, though not © Gi 4 | 
with the elaſtic gaſes of which we are treating, to mention a moſt important diſcovery of 
Dr. Carmichacl Smyth, who for a number of years has applied the vapour ariſing from the 
decompoſition of nitre in the vitriolic acid, to the ee of preventing and even e en 
the contagion of putrid vapourfrs. 

Dr. Smyth, after examining the uſual methods . for deſtroying oontagiong uch 
as burning ſulphur, nitre, tobacco; boiling vinegar, with and without camphire, &c. and 
ſhewing their inefficacy for the purpoſes to which they have been applied, aſſumes as an 
acknowledged fact, that all the mineral acids, particularly when in a ſtate of vapour, with 
the different gaſes produced by them, have great influence over putrefaction. Dr. Smyth, 
in conjunction with Mr. Hume, an able chemiſt. of Long-acre, in order to aſcertain the 


| Efficacy of the vapours ariſing from the mineral acids, and the ſafety with which they may 


be employed, made various experiments on ſmall animals, and afterwards tried the effects 
of theſe vapours on themſelves. From all which, he concludes, that the wapour ariſing 
feom the decompoſition of nitre by vitriolic acid, is by far the moſt proper to be employed in 
ſituations where people muſt neceſſarily be preſent; and he entertains no doubt but that it is 
the d:/ideratum ſo Jong ſought after for deſtroying infection in places from whence the ſick ' 
cannot be removed. His own-gxperience juſtifies the concluſion; for, having made uſe of 
it for 16 or 17 years, both in hoſpitals and private practice, he has had the moſt deciſive 
evidence of its happy effects in preyenting the ſpreading or farther communication of con- 
tagion. He adds, that © in private practice I can declare with truth, that where the nitrous 
vapour has been conſtantly uſed as a fumigation, I have not known an inſtance of a con- 
tagious fever having been communicated even to a nurſe or an attendant.” The Doctor has 
no doubt of its efficacy in preventing the progreſs even of the plague, i 
bre ge Wp ger erat garen * nitrous e is mmm and as 
follows® :- $540 | ; 
. 3 ad Cs FF 3 | | x Exp. 
Nets. Jt having been objeRted that nitrous vapone is highly noxious; Mr. Keir, a chemiſt of very conſiderable 


reputation, obſerves, that the fumes in Dr. Smyth EASE ann tou eo eee 
i | ey the 


CHAP. 111, OF THE ATMOSPHERE. „ 
Exr. Put half an ounce of vitriolic acid into a crucible, or into a glaſs, or ching cup, or 
deep ſaucer, warm this over a lamp, or in heated ſand, adding to it from time to time ſome 
nitre. Theſe veſſels ſhould be placed at 20 or 30 feet diſtance from each other, according to 
the height of the cieling, or virulence of the contagion. See (The Effect of the Nitrous 
| Vapour in deſtroying Contagion, &c.. &. by James Carmichael Smyth, M. T 


S EC, T.. oo” oe 
Of the CONSTRUCTION of the ATMOSPHERE ;. and of AzoTic AIR. 7 | 
The foregoing conſiderations on the formation of different elaſfic aeriſorm fluids, throw . | 
conſiderable light on the conſtruction of the atmoſphere attached to the earth, which may EE „ 
readily be conceived to be a mixture of all bodies ſuſceptible of evaporation, and capable dg 
retaining the elaſtic ſtate, under the uſual preſſure and temperature of the air; and likewiſe 
of all thoſe ſubſtances which are capable of being diſſolved by the mixture of — | 
es. . 
"a the temperature of the earth were ſuddenly and materially altered, by didn kad; 
for inſtance, to a ſituation not farther from the ſun than that of the planet Mercury, the - > 
water, and all fluids with which we are acquainted, would become rarefied and changed © 2 
into permanently elaſtic fluids, and form part of a new atmoſphere. - In proportion, how- 5 | 
ever, to the increaſe of elaſtic fluids, the preſſure of the atmoſphere would be alſo increaſed... 
and as every degree of preſſure tends, in ſome meaſure, to prevent. evaporation, and as even 
the moſt evaporable fluids can reſiſt the operation of a very high temperature, if preventes 
by a proportionally ſtronger compreſſion; it muſt. be admitted, that. the new atmgſphere | 54 
would at laſt arrive at ſuch a degree of weight, that the water which had. not hitherto _ .. | 
porated, would ceaſe to boil, and conſequently remain liquid.. „ 
By a contrary ſuppoſition, if the earth were ſuddenly removed into ſome very cold region, 
as the orbit of Saturn; water, and probably the greater part of the fluids, would be con- 
verted into ſolid rocks, which in time might become opake ſtones of varzous colours. In 
this caſe, the air, or at leaſt ſome part of the aeriform fluids which now compoſe the maſs of TIED _— 
our atmoſphere, would loſe its elaſticity for want of ſufficient ne 49 3 
e e e 2 5 the bates or cy 232 | 
the difiNtation of . or from that which exdalls is thd dsds of me tidbit ale the lh a , i 
ſuffocating and noxious. The vapour made in Dr. Smyth's manner (if there is no metal emplayed in the vel, Ne-) ig. 3 
highly dephlogiſticated, and is mixed with a large quantity of pure. vital air, which! is ca eee 
1 fumes. are not only, nat ſuffocativg, but have a very pleaſant delt: | 
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It is generally admitted, that the atmoſphere in which we live is compoſed of two per- 
manently elaſtic fluids; the one unfit for the purpoſes of combuſtion and animal life, and 
therefore called azotic air, the other poſſeſſing both theſe properties in a very eminent degree, 
and, on that account, denominated vital air. Of the latter we have already treated in the 
third ſection of this chapter. The properties of the azotic gas are, (I.) It is jmproper for 
reſpiration and combuſtion. (2.) Plants live in this air, and freely vegetate in it. (3.) This 
gas mixes with the other airs without combining with them. (4.) It is lighter than at- 
moſpheric air in the proportion of 985. to 1000. And (5, ) when mixed with vital air in the 
proportion of 72 to 28, it conſtitutes our atmoſphere. 995 


M. Lavoiſier has furniſhed us with methods of determining the nature lt before men- 
tioned proportions of theſe gaſes, for, exiſting merely in a ſtate of intimate mixture, they 
are eaſily ſeparable by any ſubſtance — an elective attraction for Either of them. 
Thus we have ſeen, in the beginning of the third ſection of this chapter, that during the 
calcination of metals in common air, the pure part was abſorbed, and that which remained 
was azotic gas, ſuch as we have juſt deſcribed. We ſhall, however, in this place, briefly 
mention ſome experiments inſtituted by M. ane, with the intention of analyſing at- 
moſpherical air. 


Exe, 1. Four ounces of pure mercury were expoſed Lie ſeveral ths, in a matraſs con- 
taining atmoſpherical air, to a degree of heat almoſt at the boiling point. On the ſecond. 
day, ſmall red particles began to appear on the ſurface of the mercury, which, during the 
| four or five following days, gradually increaſed in ſize and number. During the experiment, 
xth of the bulk of the air was abſorbed, and the red particles collected, were found to 
amount to 45 grains. The air which remained after the calcination of the mercury, and 
which was reduced to £ths of its former bulk, was no longer fit either for reſpiration or 

Exp. 2. M. Lavoiſier put the 45 grains of red matter formed during the experiment, in 
a ſmall glaſs retort, which when almoſt red hot, the red matter began gradually to decreaſe 
in bulk, and in a few minutes after, it diſappeared altogether ; at the ſame time 412 grains 
of running mercury were collected in the recipient, and 7 or 8 inches of elaſtic fluid, greatly 
more capable of ſupporting both reſpiration and combuſtion than atmoſpherical air, 


It appears, therefore, from theſe experiments, that the mercury during its calcination, 
that is, at a degree of heat approaching ebullition, poſſeſſes the power of decompoſing at- 
moſpherical air, and of combining with the pure part, which is accordingly ſeparated from 
the. other conftituent part, or the azotic gas: conſequently, atmoſpheric air is compoſed of 
to claſtic fluids of different and oppoſite qualities. As a proof of this important truth, if 
_ the two elaſtic fluids which have been ſeparately obtained in the above experiment, be re- 


cambined, A 
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CHAP. 111. SF WATER. 


Wee ,, air to that of the 


r e cat a 

The phyſical properties of ir are c; gravity 3 Quidity invifdile anda aug 
tion of ſmell, 

| Of the elaſticity and gravity of the air wo have treated in a former pare of tis work. 
— 


The fluidity of the air expoſes it to thoſe frequent and ao RE 
An; the winds. The air is not, however, capable of penetrating all bodies. Tranſparent 


ſubſtances through which light readily paſſes, are ſecure againſt the impulſe of the air, 
Water, e e hn paſs through bodies . een 


air. 


e SA r e ee e 


re OREN 


by . „„ | . 5 


* e e ni * 


uncovered,' and expoſed in We ait, am a e ee vents pain.” Mewidiel lidtidedh; 
by their cries, 2 diſagreeable ſenſation which they ſeem to ſeel from the firſt contact of the 


external air. Atmoſpheric air impedes the growth of new bark on ſuch vegetables as have 


been ſtripped of their covering, De ant manu 


ſiderable pungency in the air. 3 4. ie lt n 


3 


4. Air is perfectly inddorovs.. If ir eee mean gs vie 


ferid kinboF Gun it is to be attributed to the extraneous bodies that are mixed With . 
Amme 
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of Warxa, and 65 its coi and Decompoſition Alt 1 
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Water is found in almoſt all „ ee ee e eee 


animal and vegetable fluids, and even enters into the compoſition of the ſolid parts of ſuch 


ſtate of combination. In the former caſe, it renders bodies humid is perceptible to the 


eye ;—and may be eaſily. diſengaged, In the latter, it exhibits no character which ſhews 
that it is in a ſtate of mixture. In this form, it; exiſts in cryſtals, falts, plants, animals, &c.. - 


[ir is ets of eee 1 


TE N * 1 1 


It may be conſidered in two ſtates; either in a ſtate of ſimple mixture or in a 


15 | 


OF CHEMIS TRY. 1 BOOK V1H+ 


1. Of water in a ſtate of ice. The converſion of water into ice is attended with 

theſe phznomena. (1) It is attended with a ſenſible production of heat which eſcapes int 
contiguous bodies, conſequently the ſpecific heat of i ice is leſs than that of the water. N Ice 

occupies a larger ſpace than fluid water, © 5 


22 Of water in the liquid ſtato- This is the uſual hain. in which we oe water, 25 
enters into combination moſt readily in this form. Water which flows on the ſurface of the 
earth is never pure. M. Chaptal found that rain water in ſtorms is leſs pure than that of a 
gentle ſhower ;—thay the water which falls firſt, is nat To pure as that which | Is after 
ſeveral days rain ;—that the water which is blown from the ſea ſouthward, contains ſea- 
falt ; whereas that which is produced by a northerly wind does not contain a particle. By 
diftilffation, water may be obtained to any degree of purity. The characters of potable ; 
water are, (1) A lively, freſh, and agreeable taſte. (2) The property of boiling readily, 
2 geh K —_ 1 eh 00+ Ll ah virtue nenn er K 


D a 


3. Of water in a ſtate of gas. | SI — are naturally in a ſtate of veribsrdi 
fluidity, at the common temperature of our atmoſphere, ſuch as the fixed and in dammable airs. 
Others evaporate at a degree of heat very near that in mk we live. Ether: OT" 
are of this kind. Water ein- a m . 1 oo ba r dy 1 


Exr. In order to convert water into an acriform 8 M. Laveilier ane! a glaſk veſſel 
with mercury, and reverſed it over a diſh filled with the fame metal. Two | ounces of 
water were transferred beneath. this veſſel, and the mercury heated to about 250. or 260%. 
The incloſed water became rareſied, and occupied the whole veſſel. The: volatilization of 
water, therefore, ſooms packing mare. than-= dire combination of caloric wirh it. „ 


Xt! Vain 


It is now very generally admitted, that the combuſtion of vital and ans 808 airs pro- 
duces water. By ſome experiments of Mr. Cavendiſh, it appears that he changed common 
air into pure water by decompoſing it in conjunction with inflammable gas, Meſſrs. Lavoiſier 
and others, ſeem to have proved, by ſatisfactory experiments, that the whole maſs of water 
may be converted into vital and inflagimable aits, and: that the combuſtian of thele two gaſes 
produce a volume of water proportioned to che weight « the two Map” —_— 7 


Exe. 1. "If mall glaſs veſlel be inverted over mereury, and a Known quantity of 
diſtilled water and iron filings be put into the upper part of the veſſel, inflammable air Will 
be gradually diſengaged, the iron will ruſt, and the water with Wel it' & oifeheg Will 
be diminiſhed, and at length diſappear, the weight of the inflammable air which is pro- 
duced, e eg _— yy pane eee Jig, e hare 
a fg 20142 * 

It is Ae ee chat che water is add the de peg, at: one of which is 
_ ſlammable air, and the other is the principle which has entered into combination with the 
metal. Now it is A Paving 10 O's and conſe- 
4 FS 5 ' quently 


5 eur. 117; r Ar N10 „ * 
duently the two ſubllanees produosd, namely we vital and 1 ald Wende 


d enge, water. 21 D 12 03 wnlnewk i mn eobot Mogens. 223 ic Ai 
25 on Seng di onotonac) en 
Wben water is Sete ym a bet of Taber I | | an, ignited | 3 
iron Ne bat the iron becomes calcined, and inflammable.; air is « obtained. The, increaſe .of * 
* eight in the metal, and che weight of a air * form. 4 fum equal to that SW. Pena 
of the water employed. 5 2 Þ Ly nne af MITE wth bay 2£ oh 1 19928 4 idw 5 I RED 


3. From the experiments of the e 70 of water, it appears that 100 parts of 
this fluid contained 84 parts of vital air and 16 of inflammable air. The following is the | 77 
method which Dr. Higgins, in his lectures, uſed to exhibit the compoſition of water. AB oe 
is a large and very ſtrong barometrical glaſs tube ſtanding in a trough of mercury F. * 5 : 
Suppoſe the mercury to ſtand at x, introduce two meaſures of inflammable, and one of vital . 
air, which will depreſs the mercury to z. By means of the two wires D and E, cemented Ls 
carefully into the tube, and connected with an electrical machine, the gaſes are inflamed by 
the electrical ſpark, and being nearly conſumed, the mercury riſes almoſt to its former _ 
height, and the inſide of the tube is covered with water. The apparatus made uſe of in this 
experiment is very uſeful for the inflammation of any of the factitious airs, In this way 


Mr. Cavendiſh obtained eee an inflammation of N of vital and | 
azotic gaſes, | | 

4. Mr. Lavoiſier made uſe of the * 1 in generating water. He took a 
large chryſtal balloon, to which were adapted four tubes, of theſe, three had ſtop cocks 3 | 
one fitted to an air-pump to exhauſt the air from the balloon ; another for the purpoſe of = 
admitting the vital air; and the third to admit the inflammable air: the other tube was in- "IP 
tended to convey the electric ſpark, by which the gaſes were inflamed, and in WI to 
the combuſtion, the balloon was ſupplied with freſh gas. | 

As the combuſtion advanced there was a depoſition FAY wates which gradually fell a 8 

© the ſides of the veſſel; the weight of which being compared with that of the airs conſumed, 

it was found that 85 parts by weight of vital, and 15 of inflammable air, _— ——— ES 
the formation of 100 parts of water. | 


Thus ic appoare tht water is Sage v, Sa auf eee 64s hs | 4 4 
of the French Nomenclature, of hydrogen and oxygen, which elements, when exiſting 
ſeparately, have ſo ſtrong an affinity for caloric as only to ſubliſt under the form of gas, in „ 4 
the common temperature and preſſure of the atmoſphere, NS % 


5. Sixteen ounces of alkohol, burnt in an apparatus adapted for collectit 
diſengaged during the combuſtion, will yield from 17 to 18 ounces of water, 


ag all the water | 


Now, as no ſubſtance can furniſh more than its original quantity of matter; it follows | 
OY has united with the alkohol during its eee which muſt be the vital | 88 
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It will, therefore, in ſome | 
Tf it be placed in contact with bodies, which have the ſtrongeſt affinity to vital air, as 


metals, oils, charcoal, &c. the oxygen will unite with theſe ſubſtances, and the hydrogen 


will eſcape. In v 
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OF CHEMIS TRM. 


that water is compoſed of two known 


which. ee and the oxygen be diſengaged and efcapen. 
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it muſt act 
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yield its inflammable air, and in others its vital air. 


es, on the contrary, it ſeems, that the hydrogen i is the Principle 
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